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Reheating and Heat Treatment Furnaces 


Part of a Wellman Heat Treatment Installation comprising: Forging Furnace, 
Tempering Furnace and Forming Machine, for the production of car bumper 
brackets and the tempering of bumper bars. 

The Furnaces are designed to operate within close temperature limits to ensure 
correct heating of the treated stock and are equipped with conveyor type hearths 


to facilitate operation at maximum capacity. 
We invite you to consult us on any problem in the design and construction of 


reheating and heat treatment furnaces for ferrous and non-ferrous metals. 


THE WELLMAN ‘SMITH OWEN ENGINEERING CORPN. LTD. 
| PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, SOUTH STAFFS. - 
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Price Levels in the Non-Ferrous 
Metals Industry 


N our last issue we stressed the need for the main- 
I tenance of a general policy by the Government, 
particularly with regards to materials, that must 
not be allowed to remove the spur to efficiency, and it 
was suggested that measures to effect stability of prices 
would be invaluable in combating inflationary tendencies. 
Special reference was made to the prices of non-ferrous 
metals and the question was asked whether bulk buying 
by the Government had been beneficial to industry. 
There was no doubt about the answer given by Mr. 
William H. Henman, President of The British Non- 
Ferrous Metals Federation, in his address at the recent 
annual meeting of that Federation ; it is his conviction 
that the only way to restore sound health to the metal 
world is to put an end to the present system of bulk 
purchase by the Government, and to restore free trade 
in all metals. 

Mr. Henman did not follow the usual practice of 
reporting on the year’s work of the Federation, but 
addressed himself to a number of aspects of the industry 
which he regarded as of great importance. He referred to 
the remarkable changes in industrial conditions since he 
commenced his career, to advances on the material side, 
and to the remarkable difference in the attitude which we 
adopt towards one another. The spirit of co-operation, 
which characterises the relations of companies in the 
industry, was emphasised, particularly the exchange of 
technical information, the comparison of experiences 
and the willingness to help which are everywhere 
evident to-day ; but he directed special attention to the 
cost of metals, particularly copper and zinc. 

Many will remember the days in the early thirties 
when copper went down to £25 a ton and zine to £9. 
In those days it was still possible to regard these non- 
ferrous metals as base metals. To-day they have almost 
entered into the realm of semi-precious metals and copper 
is only a few pounds per ton lower than the record price 
reached during the Continental blockade during the time 
of the Napoleonic wars. Zine on the other hand is 
alrealy far above any figure it has ever reached in the 
history of the metai. The general changes which have 
taken place in the value of money and in the conceptions 
of cost and worth amount for some increase, but the 
prese)\t astronomical figures associated with these metal 
prices are not due solely to monetary causes ; still less 
are they due to any natural cause such as shortage or 
insup rable mining difficulties. They are due, as Mr. 
Henn in emphasised, to the fact that*we are still, five 
years .fter the end of the war, operating under the war- 
time + "stem of bulk purchase. 

Th: London Metal Exchange continues to be closed 
for de lings in copper and zinc, and, under the arrange- 


ments made between the Ministry of Supply and the 
producers, the price paid for our imports is 
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linked at a devalued rate of exchange to the transatlantic 
price. This price itself is largely influenced by the 
stockpiling policy of the American Government and 
bears no direct relation to producticn costs. The 
Ministry of Supply is taking approximately £6 a ton 
above the f.a.s. New York price for copper and £7 10s. 
a ton for zinc. There is every reason for alarm at the 
high level of costs, continued Mr. Henman, especially 
when it is borne in mind that these raw materials account 
for anything up to 90°, of the cost of products the 
Federation members sell. This heavy burden has to be 
borne by all the manifold and varied industries, which 
use these finished products, many of which are making 
valuable contributions to Britain’s export trade, and, 
in the interests of all the industries concerned and of 
export trade in particular, it cannot be too strongly 
emphasised that the prices of copper and zinc, and other 
non-ferrous metals, should come down to a more reason- 
able level at the earliest possible mcment. 

Although the absolute level of prices was the main 
aspect, it should also be remembered that manufacturers 
in this country are, in certain respects, at a disadvantage 
compared with those in other countries who are able to 
obtain their raw materials at prices more closely in line 
with the so-called world price. This disparity might 
well develop into a serious competitive weakness for the 
exporting industries of Great Britain. There is, however, 
one important concession in connection with price levels 
in which some degree of satisfaction has been received 
from the Ministry of Supply, this refers to the premiums 
for forward purchase which were recently substantially 
reduced, thereby minimising, to some extent, the dis- 
advantages producers in Britain were placed. This step 
in the right direction is most welcome, but the conviction 
remains that the only way to restore sound health to the 
metal world is to put an end to the present system of 
bulk purchase by the Government. 

The present alternative to a free market does less than 
justice to our producers ; to be effective it needs com- 
plete international agreements which would not merely 
guarantee supplies at fixed prices, but offer guaranteed 
markets to the outside world and fixed selling, as well as 
buying, prices. Government buying tends to generate 
international political friction, since each trading opera- 
tion acquires some degree of political significance, which 
is wholly absent when business is transacted in a free and 
open market. Another alternative would be for produ- 
cers to fix prices, this would not inspire confidence. 

The London Metal Exchange, on the other hand, 
avoided these defects and provided a market where large 
tonnages could be bought and sold at any time, whether 
for immediate or forward delivery ; it provided facilities 
by which the manufacturer could make sure of the price 
at which he could buy raw material needed months 
ahead and by which he could hedge the speculative 
risk he ran by holding stocks of raw materials. It is 
this system which is more likely to bring about stabilisa- 
tion of raw material prices. 
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Institution of Metallurgists 


Annual General Meeting 

T the sixth Annual General Meeting of the Institution 
of Metallurgists, held in London on June I4th, the 
retiring president, Dr. Maurice Cook, referred to the 
further increase in membership which had taken place 
during the year. In June, 1948, the figure was 1,701, 
a year later it was 1,894, whilst at the present time it was 
2,075. One of the most effective services the individual 
member could render the Institution at its present stage 
was to interest other metallurgists in its work, and to 
encourage those suitably qualified to seek admission. 
Although the membership had always been representa- 
tive, it was desirable that it should be as large as possible, 
consistent with maintaining a high standard of qualifi- 
cation, in order to strengthen the resources of the 
Institution, financial and otherwise, and so to increase its 
capacity for service to the profession. During the last 
two years the finances had been helped by generous 
donations from industrial firms, but it was essential that 
the Institution should be self-supporting, and one of the 
most satisfactory ways of achieving that end was by 
increasing the membership. A growing interest in the 
Institution’s qualifying examinations was shown by the 
number desiring to take them this year; 122 compared 

with 19, 54 and 72 in the three preceding years. 
Following his induction as President for the forth- 
coming year, Mr. E. W. Colbeck said he was conscious 
of the honour of being asked to serve as President, 


following as he did a short but distinguished line of 


predecessors who had devoted themselves untiringly 
to the service of the Institution in its early formative 
years. It was opportune that he should, on behalf of the 
members, pay tribute to the progress made by the 
Institution under the presidency of Dr. Cook, progress 
due, in no small measure, to the enthusiasm and detailed 
care he had brought to bear on all the problems with 
which he had had to deal. 

During the past year membership had been extended 
to cover foreign friends as well as British-born subjects, 
and applications had been coming insteadily. To help the 
membership committee in this country to assess appli- 
cants’ qualifications, panels had been formed in Australia, 
India, Canada and New Zealand. 

Although represented on various National com- 
mittees the Council had decided that the Insti- 
tution should have a standing committee of its own 
to deal with Education and Training. Relevant matters 
would be referred to this committee for consideration and 
recommendation. Most members at some time or other 
in their own training, as well as in their professional 
careers, had felt dissatistied with the facilities available ; 
the new committee would be glad to receive constructive 
suggestions in the form of short concise notes. Continu- 
ing, Mr. Colbeck made reference to Mr. H. 8S. Tasker’s 
recent Presidential Address to the Institute of Metals, 
in which he had much to say on the importance of the 
humanities in providing the broad culture so vital to the 
full development of scientific manhood. There was a 
growing awareness, in the Universities and Technical 
Colleges, of the importance of a knowledge of the English 
language as a means of expression of scientific thoughts 
and ideas; the setting aside of a small amount of time in 
University metellurgy courses to proper presentation and 
clear expression would, therefore, appear most desirable. 


Of what may be termed the tangible benefits of 


membership of the Institution, the Refresher Courses 
continued in popularity and the fourth, dealing witl 
* The Principles of Extraction and Refining of Metals, 
would be held at Ashorne Hill from September 29th t« 
October Ist, 1950. Perhaps the most successful activity 
was the Appointments Register, which contained the 
names of one-sixth of the total membership of the 
Institution. Possibly that was a reflection of the spiri' 
of restlessness which seemed to characterise the modern 
world, or maybe it was, in part, a commentary on the 
threat of nationalisation hanging over the ron and 
Steel Industry. 

Following the Presidential Address there was a 
general discussion on the activities of the Institution, in 
the course of which special attention was given to the 
questions of education and qualifications for membership. 


Exhibition at the Science Museum 
ie spite of the widespread use of metals and alloys in 

everyday life they are, in the main, taken very much 
for granted, without much consideration being given to 
their development and manufacture. Add to this the 
fact that the large majority of school-leavers, even on the 
science side, are quite unaware of the existence of metal- 
lurgy as a separate branch of science, and it is not sur- 
prising that the Council of the Institution of Metallurgists, 
with its well-known and widely recognised interest in the 
education and training of the young metallurgist, 
should have decided, in 1948, to organise an Exhibition 
with the general title of ‘* Metals in the Service of 
Mankind,” to be held at the Science Museum, South 
Kensington. The proposal was well received by the 
major Research and Development Associations who 
were invited to co-operate and offers of assistance were 
also received from firms working in highly specialised 
metallurgical fields and from individual metallurgists. 
With such an extensive field before them, the committee 
responsible for the exhibits must have had no easy task 
in deciding what should be included and what omitted. 
That they have succeeded in arranging a well balanced 
display will be agreed by all who visit the Exhibition, 
which will be open to the public until the end of Septem- 
ber. (Weekdays 10-0 a.m. to 6-0 p.m. and Sundays 
2-30 p.m. to 6-0 p.m.) 

An introduction to the Exhibition is provided by a 
historical section dealing with metals from early times 
to the Middle Ages. Other sections deal with modern 
practice in the extraction, refining, working and appli- 
cation of the various groups of metals, including the 
rarer metals, some of which are, at present, little more 
than novelties, but which may, in the future, achieve 
considerable commercial importance. After-treatment 
of metals, such as electrodeposition, welding, surface 
finishing and powder metallurgy are also featured, 
whilst a Metal Testing Section and a well-equipped 
Metallurgical Laboratory illustrate the technique adop- 
ted to ascertain the composition and properties. 

Organised parties of students and others are being 
encouraged. If due notice is given to the Registrar- 
Secretary of the Institution, at 4, Grosvenor Gardens, 
London, 8.W.1., a guide-lecturer will be available and 
the visit can terminate with the viewing of one of the 
films on metallurgy which are available. 

In connection with the Exhibition, a Handbook js on 
sale at the Science Museum and at the Offices o! the 
Institution, at a price of one shilling. 
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Zinc-Rich Solder for Aluminium 


Some Preliminary Tests on Various Compositions 
By C. W. Roberts, B.Sc., A.I.M. 


Research Department, Imperial Smelting Corporation Ltd., Avonmouth. 


A series of tests designed to assess the suitability of an alloy of composition zine 95°, 

aluminium 5°, with or without 0-01°, titanium, as a solder for aluminium are described. 

The results obtained indicate that such an alloy is, in several important respects, superior 
to a number of other alloys recommended for soldering aluminium. 


soldering ever since the metal became available 

commercially but, judging by the somewhat 
limited application of this method of joining, the results 
have not been very satisfactory. 
the literature on the subject reveals that no large scale 
research has been reported and, that while a large number 
of solders have been put forward as suitable for the 
purpose, all appear to have certain defects that preclude 
their general adoption. 

In a review of the subject! published in 1947, approxi- 
mately fifty solders are listed, their properties discussed 
and methods of application described. 

The main difficulties associated with the operation 
are stated to be :— 

(1) The removal of the oxide layer from the aluminium 
surface, which is of vital importance if a strong 
bond between the base metal and the solder is to 
be obtained. 

(2) The inability of most low melting point solders 
to alloy readily with aluminium. 

(3) The poor corrosion resistance of the joints when 
produced. 

(4) The inefficiency of most fluxes in dissolving the 
aluminium oxide skin at low temperatures. 

(5) The corrosive nature of the fluxes when used and 
the difficulty of their complete removal after 
soldering. 

The general conclusion is to the effect that, provided 
certain conditions are complied with, the joining of 
aluminium of light section is a feasible proposition and 
that, until there is good reason to assume otherwise, 
simple tin-zinc alloys near the eutectic composition of 
the system (9-5°,, zine) are likely to be most satisfactory 
for the purpose. 

It is known that during the past few years a con- 
siderable amount of work on brazing aluminium has 
been done, the filler metal being the aluminium-silicon 
eutectic alloy, but no detailed information has been 
published. 

In addition, a number of soldering processes have 
reccntly been patented, one of which? describes a methed 
whereby zine is deposited on the aluminium by dipping 
inte a suitable zine salt solution and a superficial zine- 
aluminium alloy, to which the solder will bond readily, 
forn ed by heat-treatment. Ordinary tinsmiths’ solder 
is r commended for the filler metal. 

H gh zine alloys do not appear to have been much 
use’ in the past for soldering aluminium, although good 


A ccttacing have been made to join aluminium by 


tallic Joining of Light Alloys. Light Metals, Jan. to April, 1947. 
ish Patent 568918 ** Improvements in and relating to Soldering Methods.” 
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An examination of 


results were claimed when pure zinc was used for the 
purpose in Germany as far back as 1923. However, an 
alloy of composition 90°, zinc, 3°, magnesium, 7°% 
cadmium is one of the solders covered by British Patent 
No. 572,415°. 

It was stated in Report F.1.A.T. 8294 that a certain 
German firm were (1945/46) “ manufacturing a solder 
for aluminium consisting of 95°, zine, 5°, aluminium 
and 00-01%, titanium. It was applied by merely cleaning 
the surface of the aluminium, heating both the aluminium 
surface and the stick of solder with a gas flame and 
sweating the solder to the aluminium surface by rubbing 
directly with the stick.” The statement concluded with 
a remark to the effect that the bonding between the 
aluminium and the solder appeared to be good. It was 
considered that such a solder might have useful applica- 
tions and that an investigation of its properties was 
desirable. 

The experiments made to this end are described 
below. 

Preparation of Solders 

The object of these experiments was to investigate 
the properties of a solder suitable for joining aluminium, 
the composition of which was 95°, zine, 5°, aluminium 
and 0-01°, titanium. It appeared that the most 
satisfactory method of attaining this object was to 
compare the properties of this zinc-rich solder with 
those of a number of solders that were being used 
commercially, or were recommended, for the purpose 
of joining aluminium. 

After reviewing the various alloys available, six solders 
were prepared by melting the components metals 
together and casting into an iron mould to produce 
sticks of solder 4 in. long by } in. diameter. 

The nominal compositions of the alloys were : — 
Solder A.—95°,, zine, 5°, aluminium. 
Solder K.—95°, zine, 5°, aluminium, 
titanium. 

These correspond to the composition given in 
Report F.1.A.T. 829 except that solder A contained 
no titanium. 

Solder B.—43°,, zine, 35°, tin, 14°, cadmium, 
8°, lead. 

This alloy was mentioned in Report B.1.0.8. 9955 
where it was stated that a German firm were 
producing the material under the trade name of 
* Alu-Tinol ” for use without a flux. 

Solder C.—70°,, tin, 30°, zine. 
3 British Patent 572,415 “Improvements in and relating to Solders for 

Aluminium.” 


4 Field Information Agency Technical F.1.A.T. Final Report No, 829. 
5 British Intelligence Objectives Sub-Committee B.1.0.8, Final Report No, 995. 
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Fig. 1..-Cooling curves for four alloys used for soldering 
aluminium. 


This appears to be the alloy most commonly used 
commercially for joining aluminium. 
NolderX.— 60°, tin, 20°, cadmium, 
copper, 2-5°, silver. 

This solder is covered by U.S. Patent 2,243,278 
and represents the more complex type of alloy 
recommended for joining aluminium. 

Solder E.—74°,, tin, 20°, lead, 6°, zine. 

The solder corresponds roughly to ordinary 
tinman solder with zine replacing part of the lead 
and is covered by German Patent 695,626. 

Analysis of the alloys showed that their compositions 
did not differ significantly from specification require- 
ments. 


15°, zine, 


Cooling Characteristics 

The cooling curve of each solder was determined and 
those of solders B, C, X and E are shown in Fig. 1. 

Solder B.—This alloy has a wide freezing range— 
213°C. Solidification starts at 356° C. and is complete 
at 142°C. with a marked arrest at 150°C. The short 
arrest at 116°C. takes place below the solidus and 
probably corresponds to the thermal effect observed in 
cadmium-tin alloys near this temperature. 

Solder C.—This has a freezing range of 120° C. Solidi- 
fication starts when excess zine comes out of solution 
at 318° C. and is complete at the eutectic point 197° C. 

Solder X.—The constitution of this alloy appears to 
be complex. The cooling curve is somewhat similar to 
that of solder B, the freezing range, however, being about 
60° C. shorter. Solidification starts at 312°C. and is 
complete at 161° C. with a considerable thermal arrest 
a few degrees higher. 

Solder E.—This alloy has a very short freezing range 
since its composition is very near that of the tin-lead- 
zine eutectic. The slight excess of zine and zine-tin 
binary commences to freeze at 180° C. and solidification 
is complete at 170°C, 

Solders A ana K.—The composition of these alloys is 
that of the aluminium-zine eutectic and both solidify 
at 384°C. the eutectic temperature. The cooling 
curves of these alloys are therefore not reproduced. 


Design of Test Pieces 

In order to obtain comparative data on the properties 
of the six solders, test pieces containing a standard 
joint prepared with each of the solders were required. 
To eliminate chance from the experiments as far as 
possible it was necessary that the joint should be of a 
simple design and easily reproducible. After preliminary 
trials on a number of designs it was decided to use a lay 
joint with aluminium sheet of two thicknesses. 

The dimensions of the test pieces prepared were as 
follows :— 


(1) Thickness of sheet .. .. .. 0-040in. 
Overlap at joint .. O-5 in. 
Width of test piece... .. .. 0-75 in. 

(2) Thickness of sheet .. .. .. 0-062 in. 


0-25 in. 


Overlap at joint .. .. .. 
1-00 in. 


Width of test piece... ..  .. 
Method of Joining 

Two strips of sheet, 6in. x 1} in. were taken and the 
parts of the surfaces to be joined were cleaned by 
filing. The areas thus prepared and the appropriate 
stick of solder were heated by means of a bunsen flame 
and the solder applied so that a small bead of molten 
solder was deposited on the prepared surface. The 
solder was then spread over the required area by 
vigorous use of a hot soldering iron. The two areas 
thus “ tinned ’’ were reheated to a temperature slightly 
above the melting point of the solder, pressed together 
under a load of about 14 lb. sq. in. and allowed to cool. 
The test pieces were then machined to the required 
dimensions. 

It was found that satisfactory joints could be prepared 
with all six solders by this * friction soldering ’’ method, 
no flux being necessary. A slightly different technique 
was necessary for each type of solder since the freezing 
characteristics varied considerably. 

Some observations on the facility with which joints 
could be made with each solder are given below. 

Solders A and K.—These solders alloyed readily with 
the aluminium sheet and very little “ working” with 
the soldering iron was found to be necessary. Some 
care was, however, required in controlling the tem- 
perature at the joint zone since thin gauge material 
tended to overheat, while the thicker sheet was slow to 
attain a sufficiently high temperature when a bunsen 
flame was used for heating. 

Solder B.—The remarks regarding temperature control 
made with respect to solders A and K also apply to 
solder B. The “ alloying properties ” of this solder were 
however, considerably inferior to those of solders A and 
K and vigorous use of the soldering iron was necessary. 

Solder C.—The “ alloying properties ” of this solder 
were only slightly inferior to those of solders A and K. 
The comparatively low freezing range of the alloy made 
temperature control fairly easy. 

Solder X.—The “ alloying properties ” of this solder 
were somewhat inferior to those of solder C and tem- 
perature control slightly more difficult even though the 
freezing ranges of the two alloys were similar. 

Solder E.—Since the melting point of this alloy was 
low, temperature control presented no difficulty but the 
* alloying properties * of the solder were poor compared 
with solders A, C, X and K. 

Conditions of Tests 

In the first series of experiments eight test pieces were 

prepared from aluminium sheet, of thickness 0-040 in. 
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TABLE I. 


BREAKING TESTS ON SOLDERED 


JOINTS IN 0-040 in. THICK ALUMINIUM SHEET 


DIMENSIONS OF TEST PIECES, 10 in. x 0-75 in. x 0-040in. OVERLAP AT JOINT, 0-59 in. 


Solder A | Solder B 
|—— 
‘Treatment Breaking Position | Bre-king Position 
stress stress 
tons /sq. in. Fracture | tons/sq. in. Fracture 
| 


As prepared .. 1-00) Through 5-00 | Through 
sheet sheet® 
5-00 


Five days exposure to salt 5-18 Through 5-17 Through 
water spray es sheet® sheet® 
1-80 5-13 


Solder Solder X Solder E 
| 
Breaking Position Breaking Position Breaking Position 
stress of stress of stress of 
tons /sq. in. Fracture tons/sq. in. Fracture tons/sq. in. Fracture 

5-06 Through 5-10 Through 5-17 Through 
sheet sheet sheet® 
5 


5-21 Through 5-24 Through Through 
sheet® sheet sheet® 


Thirteen weeks exposure to 5-03 Through 1-95 Partly 
weather in an industrial sheet through 
atmosphere... .. sheet and 
joint 
4-65 2-00 Through 
joint 


i 


4-75 Through 4-64 Through 5-86 Through 
joint sheet joint 
| 
5-22 Through 5-45 5-00 Through 
sheet sheet® 


and each of the solders except that referred to as K. 
These test pieces were machined to the required dimen- 
sions and treated as follows :— 

Nos. | and 2.—Tensile test 10 days after preparation. 

Nos. 3 and 4.—Tensile test after one week’s exposure 

in a salt spray cabinet (including 35 hours of 
actual spraying with a mist of 3-5°, sodium 
chloride solution). 

Nos. 5 and 6.——Tensile test after 13 weeks’ exposure 

to the weather in an industrial area. 

Nos. 7 and 8.—Sectioned and used for metallographic 

examination. 

The thicker gauge material (0-062 in.) was used for 
the second series of experiments and solder K was 
included. The overlap at the joint was reduced from 
to approximately 0-25 in., ten test pieces being 
prepared with each of the six solders and treated as 
follows :-— 

Nos. 1 and 2.—Tensile test 10 days after preparation. 

Nos. 3 and 4.—Tensile test after four weeks’ exposure 

in a salt spray cabinet (including 140 hours of 
actual spraying with a mist of 3-5°, sodium 
chloride solution). 

Nos. 5 and 6.—Tensile test after 14 weeks’ exposure 
to the weather in an industrial area. 


TABLE IL.—BREAKING TESTS ON SOLDERED 
DIMENSIONS OF TEST PIECES, 10 in. x 1-00 in. 


® Denotes that fraction occurred in the sheet adjacent to the joint 


No. 7.—Tensile test after 4 days’ exposure in an 
air/water vapour atmosphere, at 95°C. 
No. 8.—Tensile test after 8 days’ exposure in an 
air/water vapour atmosphere, at 95° C. 
No. 9.—Tensile test after 14 days’ exposure in an 
air/water vapour atmosphere at 95° C. 
No. 10.—Sectioned and used for metallographic 
examination. 
Results of Tests 
The tensile figures (calculated on the cross sectional 
area of the sheet) obtained from these tests are shown 
in Tables I and II. The position in the test piece at 
which fracture occurred is also indicated. 
Metallographic examination of sectioned joints showed 
that the bonding between the aluminium sheet and all 
solders was satisfactory and that the deposited solder 
was, for the most part, free from excessive cavitation. A 
typical fieldin a joint prepared with solder A is shown in 
Fig. 2 (x 100). 
Summary of Results 
Aluminium sheet is normally joined by fusion welding, 
the strength of such a joint being in the region of 
5 tons/sq. in., which is the strength of the sheet in the 
annealed condition. 


JOINTS IN 0-062 in. THICK ALUMINIUM SHEET 


x 0-062 in. OVERLAP AT JOINTS, 0-25 in. 


Solder A Solder B Solder C Solder X Solder E Solder K 


Treatment Breaking | | — Breaking | Position Breaking 
stress | stress of stress 

tons in. |tons/sq. in.| Fracture |tons/sq. in. 


| 
» | ‘Through 


5-21 Through 
sheet sheet 
5-15 » 5-11 4-88 


four weeks exposure to 5-05 Through 1-92 Through 1-87 
alt water spray)... sheet sheet® |.. 
1-85 1-85 Through 5-00 
sheet and 


joint 


Fourteen, weeks exposure Through Through 
‘Weather in an industrial sheet® sheet 


in an air/water 
‘pour atmosphere at 


95° 


4°95 Through 1-90 Through 5-08 
J sheet® joint 
sheet and 
joint 
4°87 3-16 Through 3-98 
> joint 


Position Breaking Position Breaking Position Breaking Position 
of stress of stress of stress f 
Fracture |tons “4. in. Fracture |tons/sq. in.) Fracture |tons/sq. in.) Fracture 


Through 5: 10 Through 5-27 Through 4- Through 
sheet sheet® sheet and sheet® 
joint 
» 5-12 5-20 5-20 ” 
Through 5-038 1-13 Through 5-11 
sheet* joint 
4-11 . * 0-33 5-00 


Through 
sheet 
1-97 3-13 5-06 


Through 5-00 Through 1-78 4°76 » 
sheet sheet 

Through 4-49 » ® 2-18 ” 4°67 » ® 

sheet and 
joint 

Through 2-02 Through 0-92 4-67 
joint joint 


* Denotes that fracture occurred in the sheet adjacent to the joint 
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Photomicrograph of joint prepared with solder A 


Fig. 2. 
(95°, zine, 5°,, aluminium). x 


The figures obtained from tests on the soldered 
specimens in the * as prepared ” condition indicate that 
joints of strength comparable with that of a welded 
joint can be made in aluminium sheet of thickness 
0-062 to 0-040 ins. with each of the six solders examined. 
The melting point of solder E is considerably below the 
annealing temperature of aluminium sheet of normal 
temper and it is probable, therefore, that with accurate 


temperature control joints of higher strength can be 
made in cold rolled sheet when using this solder. Joints 
prepared with this solder, however, showed  pocr 
resistance to corrosion, particularly when exposed to 
salt water spray for four weeks. Only moderate figures 
were also obtained from tests on the specimens prepare | 
with solder B after exposure in the air water vapour 
atmosphere, while exposure to salt water spray for 
four weeks and to the weather for thirteen weeks also 
reduced the strength of some of these specimeris 
considerably. 

The joints prepared with solders C and X were only 
slightly reduced in strength after exposure to the 
weather and to salt water spray for the period stated, 
but fractured adjacent to or through the joint at 
considerably lower figures after exposure to the air 
water vapour atmosphere for 7 and 14 days. 

The test pieces prepared with solders A and K retained 
a higher proportion of their tensile strength after 
exposure to all the corrosive conditions described and 
in no case did fracture take place by parting at the 
joint. 
Conclusion 

The tests described have given results which show 
advantages in different directions for the several solders 
examined, The information obtained indicates that the 
resistance to corrosion of the alloy of composition 
zine 95°,, aluminium 5°,, with or without 0-01°, 
titanium, is superior to that of the other four alloys 
under the conditions of test, and that the relatively 
high melting point of the alloy, whilst necessitating 
some attention to temperature control during the 
jointing operation, does not militate against its use as 
a solder for aluminium. 


A Mobile Welding and Cutting Display Unit 


VERY interesting demonstration was given recently 
of a new type of mobile display unit which The 
British Oxygen Co., Ltd., has had built for exhibiting 
its products at various shows held from time to time 


throughout Great Britain. This unique van has a 


number of new features which enable it to be erected as 
a stand within two hours. It is based on the principle 
that the outer body panels should be capable of being 
turned back horizontally to form a right angle with the 
centre line of the vehicle, with an inner skin as a display 
area. The rear end is constructed with a 
low platform on which is mounted a 36 in. 
Universal cutting machine and a detach- 
able canopy surrounds the whole stand. 
Gases are piped from a manifold inside 
the body and led to the machine and a 
welding station at either side. The finish- 
ed vehicle, which has been designed and 
produced by Messrs E. W. Campion and 
Sons, Ltd.. can be driven to a selected 
site and be transformed into an effective 
exhibition stand demonstrating profile 
cutting, preparation of welding edges, 
welding of all types of metals, and also 
providing technical advice. As will be 
noted in the accompanying illustration 
the transformed vehicle provides a very 
useful demonstration unit which should 
prove invaluable, in the hands of capable 
demonstrators, for educating those inter- 
ested in the technique of welding and 
cutting. 


The vehicle transformed into 
an effective exhibition stand 
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That Specification : 


Master or Servant ? 


With Particular Examples from the Cold-Rolled 
Non-Ferrous Industry 


By Thomas B. Crow,* Ph.D., M.Sc., F.R.IC., F.1.M. 


PART Iil 


Extended Comment on Some B.S.I. 
Specifications 
16. Some consideration must now be given to those 
B.S.L. Specifications with which the author has had most 
concern—namely, those dealing with the rolled brasses, 
phosphor-bronze and copper. Manufacturers of other 
rolled metals, however, may find below something which, 
in principle, may concern them, since many of the 
author’s observations are rather of a general character. 


In bringing to notice the desirability of amendment of 


certain B.S.1. Specifications, the writer is not unapprecia- 
tive of the excellent and difficult work of the many 
experienced metallurgists and others who took part in 
their compilation. They will, however, be the first to 
realise that, in recent years, rolling mill practice has 
made considerable headway, that standards are higher 
and that a specification consciousness, which must be 
catered for and developed upon the right lines is rapidly 
on the increase among purchasers. In what follows, the 
author is viewing certain aspects of these specifications 
critically (though not exhaustively) as specifications ; as 
matters apart ; as rigid laws which have to be complied 
with to the letter. This view-point is, of course, quite 
contrary to the writer’s tenets. But until the latter are 
more widely accepted and practised and until the 
specification habit (as defined) has shrunk to negligible 
dimensions, the specification, as such, must be made as 
good as possible. The particular features of the B.S.I. 
Specifications with which the remainder of this article is 
concerned are as follows: Specification terminology, 
syntax and composition (para. 17); non-applicability of 
(ests (para. 18); chemical analysis (para. 19) ; thickness 
tolerance (paras. 20-23): bend test (paras. 24, 25); 
hardness (paras. 26, 27, 28): phosphor-bronze tempers 
ara. 29): tempers and thickness tolerances (paras. 30,31). 
17. With regard to terminology, syntax and composi- 
ion, specifications being what they are and used as they 
‘e, their wording must be water-tight. They must be 
ee from any ambiguity, particularly of a kind that 
‘ight admit of litigation ; they must be free from any 
agueness as to their meaning. Committees and 
dividuals entrusted with their compilation may know 
hat they mean and they may know how they expect 
ul intend their words to be interpreted, but there is 
ways some “ pound-of-flesh ” man ready to fasten on 
some ambiguity or weakness of wording and interpret 
to his own ends, though they be to the discomfiture 
| possible financial disadvantage of his “ victim.” 
me instances of this sort, taken from B.S. 407, will 
ustrate the writer’s meaning. Some of these can also 
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be found in the other rolled metal specifications already 
named :— 

(a) On page 7, line 21, the word * material” presum- 
ably includes foil (defined as material 0-006 in. 
thick and under). Elsewhere in the specification, 
foil is excluded from the tests prescribed in 
Table IV (page 15). By what yard-stick, there- 
fore, shall the five tempers mentioned in lines 21 
and 22 be measured, in the case of foil? Here is 
an instance of the Gilbertian situation mentioned 
in para. 18. The same can be said of strip thinner 
than 0-010 in. 

(b) On page 7, line 26, foil is included in the tolerances 

for thickness. This matter is dealt with, in detail, 
in para, 22. 
On page 7, line 37, and in several places on page 8, 
the word only occurs. Para. 5 (a) (i), read by 
itself, literally means that the rolled metal shall be 
subject to no mechanical tests of any description 
whatsoever, other than that of tensile and elonga- 
tion. What it is intended to mean is that so far 
as tensile tests and hardness tests are concerned, 
the hardness test shall be omitted, unless otherwise 
stated on the order. In like vein, it will be seen 
that §§ (ii) and (iii) require re-wording. An 
entire re-casting of para.5 is needed so as to remove- 
any doubt that the bend tests of para. 6 are an 
essential part of the test requirements. 

(d) The word “quality”? should not be used in 
specifications where such words as composition, 
impurities, temper are more precise. 

(e) On page 15, it is stated that the minimum V.P.N. 
for half-hard strip (4072) shall be 160 and that for 
hard temper shall be a ‘minimum of 190. Now, if 
the minimum height for admission into the Army 
is 160 em. and that for admission into the Guards 
Regiment is 190 em., it does not mean that a man 
of 190 or more em. in height must necessarily 
join the Guards. In other words, if you are tall 
enough for the Guards, you can claim admission 
into the short Regiments. Obviously, maximum 
values for V.P.N. and B.H.N. should be stated. 
Experience shows that the other mechanical tests 
(where applicable) do not necessarily safeguard 
this omission. 

18. It is in respect of his endeavours to meet specifica- 
tions requirements, particularly when applied to very 
thin gauges, that the writer has encountered certain 
difficulties with regard to testing. In some instances, a 
sort of Gilbertian situation arises, thus :— 

If you, as a manufacturer, cannot satisfactorily 
test a batch of metal ordered to Specification XYZ, 
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then you cannot say whether you have or whether 

you can manufacture it to comply with such tests. 

Neither can you so certify or release it. Nor can a 

purchaser reject it, for he, likewise, cannot apply 

satisfactory tests. There is therefore, no point in 
ordering metal to specifications in such cases. But it 
is done, and done often, especially where the order 
has a government or semi-government origin, with 
little or no hope of amendment. So, what to do? 

This question will be answered, partially, at any rate, 

in later sections of this article. 

19. So far as chemical composition is concerned, the 
author has found very little cause for comment. But 
with regard to B.S. 407, it is thought that a zine content 
of (say) 0-25°, max. might be permitted (A.S.T.M. 
allows 0-2-0-3°,), with consequent re-assessing of the 
figure for total impurities. Bearing in mind: (1) the 
one-time use of zine, as a deoxidiser (ef. “ cap” copper) ; 
(2) the circumstance that bronze is frequently cast in a 
shop normally “on brass’; and (3) that up to 0-5°, 
zine in bronze appears to be harmless in the press shops, 
a plea is advanced for the above easement. With regard 
to phosphorus content, the author has many times 
wondered whether the excessive permitted and possible 
variability in this (0-02-0-4°,) as between different 
manufacturers, may be one cause of variations of 
behaviour in the presses, as instanced in para. 7. There 
would appear to be need for an investigation into this 
matter, which might lead to a narrowing of the permitted 
phosphorus content, possibly somewhere between 0-02 
and 0-2%,. (Vide A.S.T.M.—B103—46). The author 
would stress, however, that such a reduction must be 
justified by overwhelming evidence of its desirability. 

20. The B.S.1. Specifications do not appear to attempt 
to define thickness (of strip, etc.). If pressed, “* they ” 
would probably say something like this : 

“ We cannot define thickness, neither can we really 
measure it. We can only think in terms of the extent 
(in decimals of an inch) to which this dimension may 
not comply with what a customer asked for. We have 
laid down permitted tolerances in this respect, but 
we are not quite sure how they should be applied for 
purposes of inspection and certification. However, 
we think they ought to be there.” 

It is, therefore, clear that for specification purposes, 
some crystallisation is needed and the resulting 
“erystals brought into the specifications. For this 
purpose, there are no less than four possible meanings 
to the term thickness, as follows :— 

Local Thickness: This is the reading of the 
micrometer (or other similarly purposed device) at 
the “ point " at which it is applied, it being accepted 
that no invalidating conditions supervene at that point. 

Average Thickness: This is the average of all the 
local thickness determinations which must be spread 
over an infinitely large number of different points 
over the whole area of the strip, or, over each and 
every strip comprising a batch. 

Weighed Thickness: This is the figure arrived at 
by dividing the volume of the strip by the product of 
its length and width. (See para. 23). 

Ordered Thickness : This is the dimension stated 
on the Purchase Order, exclusive of any accompanying 
requests for toler inces. 

The Average Thickness is a purely theoretical conception 
only, for it is virtually impracticable or impossible to 
perform the infinite number of measurements called for 
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by definition. Any idea of limitation of the number of 
such measurements to one per stated interval of distance 
along a strip, or, to one per each lap, or per so many 
laps in a batch, must be wholeheartedly rejected without 
further ado. The reason for this is that the mechanical 
shortcomings of even the best mills give rise to periodical 
or non-periodical recurrence of thickness fluctuation as 
the run of metal passes through the rolls. This fact 
may be not altogether appreciated by those purchasers’ 
inspectorates who practise the above form of shortened 
procedure. The thickness value given by the weighed 
thickness technique would agree with an actual average 
thickness determination (if that could be done) but the 
author prefers to preserve the separate identities of 
definition. 

21. Based upon the above definitions it is now possible 
to incorporate into the specifications (more particularly 
into B.S. 485) something of a definite character :— 

* The satisfaction of the purchaser in regard to the 
thickness requirement of an order shall be determined 
by Local Thickness measurement at such, and at so 
many “ points ” in a delivery as he shall direct and in 
no instance shall such measurement differ from the 
ordered thickness by more than the prescribed amount, 
as set out in Table... .” 

It should be stressed that the above attempt at 
“tidying up” the thickness question has been made 
mainly in satisfaction of the view-point expressed near 
the end of para. 16. But the author strongly holds the 
view that the chief function of thickness tolerance tables 
should be (with certain exceptions in the 0-010/0-001 in. 
range) to provide the purchaser with an approximate 
guide as to the capabilities of a modern cold-rolling mill. 
Beyond this they should not go. Their inflexible and 
inexorable routine application, in the hands of a 
purchaser's inspectorate, as a sufficient and sole criterion 
of rejection, is to be very strongly deplored, though 
unfortunately there is evidence that this practice is not 
uncommon. This is not to say that a purchaser shall be 
precluded from making as many local thickness or 
weighed thickness determinations as he pleases, but this 
should be a precautionary measure only, and any 
decision to reject should only be taken after confirmation 
of unsuitability by the press shops. The misguided use 
of specifications, which has already been described in 
this article in respect of temper, applies @ fortiori to 
thickness. The question to be answered is this: Willa 
reasonable percentage of a delivery meet the require- 
ments (in respect of thickness) of press tools which have 
been properly set up for the job for which the material 
was ordered / 

22. Some purchasers are unhappy about the permitted 
omnibus tolerance of “ half-a-thou ”’ on material (6 in. 
wide max.) of all thicknesses between 0-001/0-010 in. 
Three notable arguments have been put forward for 
an extension of the tables to include suitable tolerances 
for each S.W.G. number (or each two numbers) from 
0-010 in. down to 0-001 in. One such argument is that 
metal is sold by the pound, and if a purchaser sells 
pressings at so much per gross, his profit rate will 
decrease as the thickness of the pressings increases. 
For example, the delivery of 4 in. x 0-0014 in. strip (which 
is within tolerance) against an order for 4 in. x 0-001 in. 
would incur a 40°, increase in material cost. A second 
argument is that the respective differences in thickness 
between say 50, 49, 48, ete., S.W.G. is less than the 
permitted tolerances in those gauges. Thus a purchaser 
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might receive, in effect, metal of a different gauge from 
that which he ordered ; this may raise questions of price. 
A third plea comes mainly from the inspectorate quarter, 
for reasons which appear to be more academic than 
practical. The answer to these three contentions is 
that the principles which were put forward in the last 
paragraph apply with equal, if not with greater, force, in 
the thin gauges under notice. In many instances, 
specific tolerance values need not even be mentioned ; 
all that is necessary is a tacit understanding that 
rejection shall only be made on proof of press shop 
unsuitability. Some further comments upon tolerances, 
chiefly as they affect the rolling procedure for the 
manufacture of thin gauge metal in critical tempers are 
made in paras. 30-31. 

23. An old method of determination of gauges by 
weighing is specially applicable to narrow material, 
sheared from wide strip, when the gauge is very thin 
and when the tolerance is stringent (e.g.,0-5in. x 0°005in., 

(-0005 in. ex 4} in. wide strip). A friction-operated 
linear measuring device is mounted upon the shearing 
machine in such a way as to measure the actual footages 
passing through the cutters. Each lap, of known footage 
and width is then weighed. The specific gravity also 
being known, the mean strip thickness can be calculated. 
If this method be now supplemented by micrometer 
measurements at say 4-6in. intervals along the first 
few, and along the last few feet of the coil, in order to 
forecast the maximum departure from the weighed 
thickness, for the whole of the strip, the two operations, 
taken together, provide a reliable technique for this class 
of material. Purchasers who maintain a large “ goods 


inwards” inspectorate staff, might well consider the 
merits of this weighed thickness technique as an alterna- 
tive or supplement to their usual methods. Its accuracy 
depends of course, upon reliable figures for specific 


gravity. In the case of the brasses, this varies between 
approximately 8-7 and 8-4 according to composition—- 
ie., a maximum variation of under 5°, of the lower 
specific gravity. Since the relation between weighed 
thickness and specific gravity is linear, it follows that 
the maximum error in the former would be less than 5°, 
of the true value. For example, strip having a real 
weighed thickness of 0-005in. would be reported as 
0-005 in. + 0-00025in. An actual instance of an 
unusual purchaser requirement (in this case, very 
essential) came to the writer’s notice some time ago, 
which was satisfied by applying the above technique. 
An order was placed for some narrow strip 0-010 in. 
thick. The purchaser had no objection to a lap of 
0-009 in., or to a lap of 0-011 in., or to anything between, 
provided that in any one lap the variation along its 
entire length was not more than 0-0003in.! Another 
application of weighing technique, of interest to the 
mnufaeturer, is to be found in checking the accuracy 
of the ready-to-finish gauge of thin metal, in cases where 
the final reduction is small and critical (e.g., 0-006 in., 
fin shing 0-004 in.), in order to meet a stated narrow 
Vi “ers hardness range. 
'. The failure to comply with one or other of the 
s of Bend Test, detailed in B.S. 485, which are at 
nt applicable to many of the specifications for 
and strip, should not, by itself, constitute sufficient 
ads for rejection. As generally conducted, this test 
t precise ; it does not give scientific values or even 
istent results. It would seem that such could be 
‘ved only by the use of carefully designed machines 


fitted with a comprehensive range of tools for all gauges 
and tempers, a requirement which B.S.I. does not 
consider “‘ necessary or desirable.” Anyone who has 
conscientiously tried to carry out, without the help of 
some such machine, a “ single bend test * through 180°, 
over a specified radius, will know of the manipulative 
difficulties. He will further know that the “ result ” 
that he gets will vary with the original general surface 
condition of the test piece and with the presence of 
fortuitous roll marks, scratches, etc., any of which may 
tend to give premature fracture. Lastly he will know 
that, viewed under certain conditions of incident 
illumination, an actual fracture (crack) may be invisible, 
being lost in the general roughness of the convex surface. 

25. If the bend test is to remain an essential part 
of our specifications, it should be reconstructed into 
something with definite quantitative characteristics, 
which can be accurately measured. The much despised 
Erichsen Cupping Test is, at least, an accurate semi- 
quantitative equivalent, in certain cases, and the Tour- 
Marshall bend-test machine, which measures load, 
deflection and other characteristics, has much _ to 
recommend it, even to the exclusion of the tensile test, 
and, in some cases, the indentation hardness test. Be 
all this as it may, the writer still feels that by far the 
best test is that which the purchaser will carry out 
himself under actual production conditions in his own 
presses. It is noteworthy that American Specifications 
do not appear to set any value upon bend tests, for they 
are omitted. The bend test has a small value as a 
means of indicating grain size or of detecting sub-surface 
unsoundness, but both these are better dealt with in 
other ways. 

26. The preparation of test pieces for hardness 
determinations calls for some refinement. It is the 
author’s practice, where border-line specification values 
are suspected, to polish the test piece as for metallo- 
graphic examination. When the thickness/diagonal 
ratio is approaching the danger point, the underside of 
the test piece is also likewise polished. The load 
ultimately chosen for the test is the next lowest to that 
which gives a visible marking on this underside. The 
writer strongly disapproves of the practice of using 
several thicknesses in order to increase the thickness/ 
diagonal ratio. He also does not agree with the provision 
of B.S. 485, line 17, which prescribes minimum load of 
5 Kg. Thin gauge soft copper may call for a | Kg. 
load and there is a good deal of intermediate material 
for which a 2} Kg. load is suitable. In certain delicate 
cases the author has built up a load from a box of 
chemical balance weights. 

27. B.S. 485 makes no reference to variation of 
orientation of the test piece under the diamond. The 
effect of this has been fully dealt with elsewhere ;* as 
have also certain other anomalies and refinements. A 
ruling is desirable. This specification also omits any 
mention of the location of a set of indentations on the 
strip. Tests at the centre and near the edges (respec- 
tively) of a strip 6in. wide will sometimes give results 
sufficiently different to entail rejection of the edges and 
acceptance of the centre! If such a strip be slit into 
say }in. widths, the centre coils will pass’? and the 
edge coils will “ fail.”’. A rejection by “ goods inwards ” 


4 Crow and Hinsley: Some Anomalies and Some Refinements in the Diamond 
Pyramid Hardness Testing of Heavily Cold-rolied Strip. J. Jnst. Met., 1946, 
72, 461. 
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of part of a delivery of narrow strip may be explained 
in this way. The rationale of hardness testing of strip 
is very similar to that of thickness determination, as 
set out in this article, paras. 20 ef seg., and might 
advantageously be dealt with on the same lines. 

28. One possible future solution of the difficulties of 
making satisfactory V.P. tests on extremely thin foil 
(0-001 in.—-0-006 in.) may lie in application of the hardness 
micro-testing technique.® A great deal of investigatory 
work will have to be done, however, before such an 
application can become acceptable in this field. It will 
be seen in para. 30 that the introduction of hardness 
micro-testing to foil specifications might cause an 
unwelcome reaction upon rolling mill personnel and 
perhaps upon mill designers, for the customary tolerances 
on thickness would then become even more incongruous 
than they do in the cases therein described. 

29. The range of tempers of phosphor-bronze as laid 
down in B.S. 407 might advantageously be extended. 
At present they stop short at values represented by 
about 45-50°,, reduction (extra-hard temper) whereas 
reductions up to 80 or even 90°, are by no means 
unknown and are ideally suited to some purposes. 
Mechanical tests on such rollings might sometimes be 
difficult, as the gauge may be as low as 0-001 in. thick 
and V.P. hardness values flatten out very appreciably 
after about 50-55°,, reduction so that the ordering of 
such metal to a V.P.N. would be misleading ; it would 
require to be ordered as “so many gauges hard,” as is 
done in A.S.T.M. Specifications (ef. X-rays, para. 31). 
The Tour-Marshall Machine (vide para. 25) would appar- 
ently be useful in measuring springiness in regions 
where the V.P.N. curve has flattened out. These remarks 
also apply to some extent to the hard rolled brasses. 

30. One of the biggest difficulties which the writer 
has experienced is in manufacturing brass to comply 
with the intermediate tempers (quarter-, half- and hard) 
in gauges at the low end of the strip category—i.e., 
0-007 in. and upwards and particularly in the region 
0-OL10-0-020 in. Taking an illustration from B.S. 265, 
let it be assumed, for the sake of illustration, that, in 
order to comply with the requirements of Table 4. (as 
far as applicable) the following percentage reductions are 
suitable : 


Quarter-hard .. 9°, 
«. 


then, in order to manufacture metal of 0-G08, 0-010, 
O-Ol2 and O-Ol5in., in the three above tempers, 
respectively, we have ready-to-finish gauges as shown in 


Table 


rARLE 
i ss lle 


From this Table, it will be noted that in the case of 


the metal finishing 0-008 in., the difference in’ the 
R-to-F gauges, as between quarter-hard and half-hard 
is just over half-a-thou., which is the maximum rolling 
thickness tolerance permitted. The rresponding 
respective differences for metal finishing 0-010) and 
0-O12 in. are Jess than the permitted thickness tolerance 
(one-thousandth of an inch). 


6 Taylor, M rd resting of Metals,” J. Met., 1948, 74, 
sston, 


31. It will be clear, therefore, that the manufacture 
of brass in the range of gauges between 0-010 in. (incl.) 
and ©0-O15in. (inel.) in quarter-hard and _half-hard 
tempers (expressed in terms of V.P. numbers) is a 
fortuitous business and that the existing prescribed 
hardness values of Table 4 are not workable. They 
need to be spaced more widely or even to overlap! 
Better still, they should be omitted. This incongruity 
becomes even more marked when the gauges in the 
foil range are considered. In these gauges, there is no 
yard-stick by which manufacturers or purchasers can 
check tempers, for even the hardness determinations 
are of necessity omitted ; possibly micro-determinations 
(see para. 28) or X-ray back reflection photographs might 
take their place. Space does not permit an exhaustive 
survey of the specifications for foil here; it is clear, 
however, that they need special consideration and 
possibly complete divorce from those for sheet and strip. 
Again, phosphor-bronze foil needs special consideration, 
because of : (1) greater ease of control in rolling: (2) 
greater range of hardness; and (3) the applicability of 
V.P. tests to gauges as low as 0-003 in. (in certain 
tempers). 
Conclusion 

The discerning reader will have noticed two conflicting 
lines of thought in this article. On the one hand he is 
almost advised to leave specifications well alone, and on 
the other he is confronted with detailed suggestions for 
their improvement and possible extension. This apparent 
inconsistency can be removed very satisfactorily by 
making use of an analogy. A _ specification may be 
likened unto an edge-tool ; in the wrong hands, it can 
be very dangerous and can cause a good deal of harm. 
In the right hands, however, it is a potential means to 
a very useful end, and, the better it is and the more it 
can be improved, the greater the service it can render. 
And, to continue the analogy, it will avail you little to 
select a joiner’s chisel when you need a hatchet! Thus, 
the purchaser of cold-rolled strip (ete.) should, with 
certain obvious exceptions, resort to the use of the 
conventional specifications (when placing orders) with 
the utmost caution. In fact, uniess he be well versed 
in the metallurgical technique of the rolling-mill, and, 
in addition, unless he have a practical appreciation of 
the properties of the cold-rolled metal emanating there- 
from, he will do well to avoid them altogether. This is 
because the purchaser's requirements of the metal which 
he proposes to use are so varied, and frequently so intri- 
cate or so obscure, that they cannot be expressed in 
terms of the ordinary properties which make up the 
conventional specification. And, even if they could, it 
is by no means always certain that those same properties 
are capable of realisation or of measurement ! 

By far the most satisfactory all round approach 
towards acquiring a yard-stick in this matter is by way 
of close co-operation of all parties concerned and 
especially of purchaser and manufacturer. Let the 
purchaser explain to the metal roller (by means of 
typical samples, drawings, or by submission of samples 
of metal of known suitability): (a) what he wishes to 
make; (6) what press-shop technique he will use in 
making it ; and (¢) what is the ultimate service purpose 
of the * job.” From this information the manufacturer 
will be able to make a pretty good estimate of what to 
supply. Two or three works samples (not laboratory- 
prepared) of rolled meta! can then be submitted for an 
actual press trial. In this way, the problem will eryst«!- 
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| se itself into an upper and a lower limit of properties, 
catside of which the purchaser would get into difficulties, 


Lut within which, he would be safe. 

By this means (simpler in practice than in telling) a 
s itisfactory individualistic specification is evolved, which 
can be given any name for future identification and 
reference. It may coincide, in certain features only, with 
a B.S.L. specification, but care should be taken that 
ordering to that specification does not automutically 
bring in unwanted or objectional features which form a 
part thereof, and thus fall into the very trap that one is 
trving to avoid. 

In conclusion, the writer cannot do better than call 
to his support the Amer. Soc. Test. Mat. Specification 


No. B.36—46T, and others, equally applicable, which 
read as follows :— 

“Since the different are used for man) 
purposes where the requirements of the operation 
used are too particular to be specified by any of the 
ordinary physical tests, it is frequently advisable to 
submit samples to the manufacturer and secure an 
adjustment of anneal or temper to suit the actual 
operations to which the metal is to be subjected.” 


brasses 
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The Use ot Alloying Elements in 
Chilled Iron Rolls 


By Archibald Allison 


Author of “ The Manufacture of Chilled Iron Rolls” 
Formerly Chief Metallurgist of J. J. Habershon & Sons Ltd. 


Analytical Features 

In dealing with a variable material like cast iron it 
is necessary to ensure taking a representative sample. 
For this reason, in every cast, the sample taken was the 
piece of runner broken off from the bottom neck—i.e., 
close to the roll. In the case of the higher alloy rolls it 
was found necessary to soften the piece before drilling. 
The sample was heated to 700°C. in a gas muffle, and 
after soaking allowed to cool down in the furnace over- 
night, after which drilling could be accomplished 
without much difficulty. 

It has been pointed out elsewhere that the fine needle- 
like turnings cut off from the barrel are invariably higher 
in carbon and phosphorus than the mass of the roll. At 
one time this higher carbon was attributed to absorption 
from the carbonaceous coating of the chill mould. This 
opinion has now been abandoned in favour of the view 
that extrusion of the liquid matrix between the rapidly 
formed dendritic crystals produce the higher carbon and 
phosphorus. Comparative results on alloy rolls are the 
following :— 


Mo 
No. 41 roll... .. 
barrel 
roll. . 
barrel 
roll. . 
barrel 
roll. . 
barrel .. 


159 


0-61 
250 
608 0-24 
Che definite tendency of higher carbon, phosphorus, 
chromium and molybdenum, and lower nickel was 
peatedly observed and is a striking confirmation of the 
lence of the contractions of circular castings and of 

i ferential freezing. Further confirmation is afforded 
experiments to raise carbon in the metal by adding 
reoal to the stream in tapping. It was found that 
alloy was already too rich to take up more carbon 

ler these conditions. When these alloy rolls are cast 

yw 1,270° a characteristic feature is that of gas 


Concluded from the June Lssue, 


uly, 1950 


Fig. 5.—-Structure of chill of 18 in. diameter roll. x 100 


cavities in the top shoulder, into which a richer alloy 
liquates forming a rounded pellet. One such example 
gave :— 

Ni P 


3-96% 


8.800 2-04° 
380% 


Roll 
Pellet 

This suggests concentration of the phosphorus in areas 
in the zone immediately behind the chill. 

With the bastard rolls referred to, it was found 
desirable to keep carbon low, both in plain and alloy 
rolls so that the graphite should be as fine as possible in 
the working zone. At the same time the hardening 
effect of carbon must be preserved to some extent for 
reasons of durability, and this can be controlled by 
arranging the chill depth and retaining some of the 
carbon in the combined form in the working zone behind 
the chill. 
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Structure of chill of a roll similar to that shown 
in Fig 5. x 400 


A new type of roll is now being produced known as 
* indefinite chill” because there is no clear demarcation 
between chill and grain, in fact it is doubtful, in alloy 
rolls generally, if there is entire absence of graphite in the 
chill. Graphite may be present, but in such microscopic 
form that the skilled eye may not perceive it. It is 
somewhat contrary to the experience of the older roll 
turners to use chilled rolls which are white throughout, 
but, after careful heat treatment, white rolls are entirely 
satisfactory in many mills. A selection of compositions 
with relative sizes and hardness is given in the following 
table : 


TABLE OF HARDNESS 


COMPOSITIONS AND SCLEROSCOPE 
CHILL ROLLS 


Sclere 


cts 


x 
i 


Sand 


OS OS OS OS OS OS OS 


Seleroscope 
67 
65 ts 


Structure of same roll as in Fig. 6 at 3 in. from 
chill surface. x 400 


Fig. 7. 
Microscopical Examination 

The micrographical study of alloy rolls is very interest- 
ing, but not, as yet, to be correlated with service, nor to 
provide guidance upon treatment of the rolls to give 
optimum durability. It is understood that a minimum 
of 3°, nickel and 1°, chromium is required to produce a 
martensitic structure, but even with higher amounts the 
microstructure may not be entirely martensitic. 

Although the iron is quenched from the liquid to the 
solid state in less than one minute, there is a long period 
in which the chill is permitted to cool slowly, with 
opportunity for changes to take place in the structure, 
and the period of change varies with the size of the roll. 

In plain chilled roils the structure of the chill is 
mainly carbide and pearlite, but recent evidence shows 
that the carbide is by no means Fe,C, but a complex 
primary carbide containing silicon, manganese, and any 
traces of chromium in the metal, and it is these carbide 
areas which decompose in the grain part of the roll to 
yield graphite and pearlite. 


Fig. 8.--Structure of chill of 18 in dia. roll, tempered 2' 
480 


x 40° 
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Cust No, ‘ si Mn 4 Ni tr Mo Din. Dest 
143 2-91 0-77 | O-33 | | 3-07 | 2-14 | 
S78 2-62 0-65 | O-49 | O71 ose 
| 64) 0-62 | O-46 | S41 | 0-91 ooo 77 
10 in.! xX \s 
4 we i 2:79 | OSG | 2-01 26 
64 


x 400 


- 10.—The same roll as shown in Fig. 9, normalised 
and annealed. x 500 


3. 11._-The same roll as shown in Fig. 9, as cast. x 800 


The structure of a number of rolls is shown by photo- 
micrograph in Figs. 5-13, and the compositions of the 
rolls from which they were taken are as follows :— 


! 
Si | Mn | Pr 


Fig.5 .. .. | 3:14] 0-81 | 0-36 | 0-48 | 4- 
Figs. 6 and 7 er 2-93 : | 0-65 | 0-29 | 4- 
Figs. 9 Wand | 3-0: 6 -62 | 0-46 | 3- 
3-06 *48 | 0-33 | 3- 


The general structure of the chill is dendritic, exactly 
as in plain rolls, except that the dark areas are not 
pearlitic. 

As will be noted, Fig. 5 shows well marked martensite 
with areas of indefinite carbide and graphite practically 
negligible. Figs. 6 and 7 show the martensite structure 
of a similar roll in the chill and at some distance below 
the surface. In the latter the structure is coarser and a 
few spots of graphite are visible. This roll gave an 
excellent life in the cold mill until worn out. 

Notwithstanding the known affinity of nickel for 
sulphur, the sulphide crystals, rhomboidal or anchor 
shaped, are exactly similar to those in plain rolls, 
apparently indicating that manganese has an overriding 
affinity for sulphur. Since these sulphide crystals are 
so well marked in the rapidly cooled chill, and the rolls 
are cast at 1,250°C., or higher, the opinion that 
manganese sulphide crystals are floating about solid 
in the liquid iron at 1,300° C., appears to be confirmed. 
By this theory that manganese selectively combines 
with the sulphur and falls out of solution in crystalline 
form, there may be grounds for thinking that these 
crystals may act as nuclei to provoke formation of 
graphite in cast irons. The anchor shape and other 
partly formed shapes may indicate that the process of 
separation is incomplete at 1,250° C. 

The structure of a roll tempered at 480°C. is illus- 
trated in Fig. 8; it shows troostite and martensite in 
transition phases. This roll also had an excellent life 
in the cold mill. The structure of the chill of a roll as 
cast is illustrated in Fig. 9; besides martensite it shows 
some troostite confirming that the structure is only 
metastable. At a higher magnification, as in Fig. 11, 
the structure shows sulphide ; while the effect of heat 
treatment on the chill of the same cast as Fig. 9, illus- 
trated in Fig. 10, shows a fine martensitic structure 
interspersed with spheroids, probably carbide of chro- 
mium, since this element promotes spheroidisation. As 
normalised the roll gave a scleroscope hardness of 97-99, 
while annealing at 540°C. gave 72-74. In the as-cast 
condition the scleroscope hardness was 75-77 and it is 
noteworthy that both rolls, as cast and annealed, used 
in the hot mill for rolling steel strip, gave very good 
service. 

The structure of the chill of a 22 in. diameter roll is 
illustrated in Figs. 12 and 13. In this case the composi- 
tion is near to the border line. Allowing for the slower 
cooling of the larger mass it is nevertheless interesting 
that martensite, troostite and pearlite are shown, an 
unusual combination in the same piece. The similar 
composition used in the 14 in. diameter roll, the 
chili structure of which is shown in Fig. 9, has still 
failed to prevent some decomposition into troostite. 
Efforts to identify more closely the constituents in 
these rolls, by boiling in sodium picrate, showed that the 
carbides yielded beautiful colours worthy of reproduction 
by natural colour photography. It is probable that 


‘ 
Top 
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Fig. 12.-Structure of chill of a 22in. dia. roll, slowly 
cooled. x 300 


massive carbides are progressively coloured and require 
a long boiling to blacken completely. 


Conclusions 

The application of alloys to chilled rolls is described 
or referred to in’ papers by Moldenke, Wickenden 
Vanick, Merica, Beasley, and Coyle in the U.S.A. and 
Hanson and Everest in Gt. Britain. Plain chilled rolls 
were described by the late Mr. W. R. Lysaght (Iron and 
Steel Inst., 1933) as delicate and highly strung bodies. 
Further, speaking both as maker and user of chilled rolls, 
he expressed the opinion that the great bulk of the 
breakages is caused by the treatment received in the 
mill, including erratic preheating, abnormal variations 
in rolling temperature, ete. 

These observations are even more applicable to the 
harder alloyed rolls. That hard materials are liable to 
crack and break when subjected to a sudden temperature 
gradient has hitherto been explained physically on the 
grounds of discrepancy between the coefficients of 
thermal conductivity and expansion. This explanation 
is no longer applicable to metals because the coefficients 
of hard and soft metals differ very little. A further 
factor of relative plasticity must be taken into account. 

The adoption of carbide cutting tools is widespread 
together with the use of more massive and powerful 
lathes. (When the seleroscope hardness of these alloy 
rolls reaches 92 or over, machining is not found practic- 
able). It was found that in machining alloy rolls cuts 
must neither be too heavy nor too rapid. On occasion, 
the local temperature at the cutting face was such as to 
produce eracking in the roll barrel, and in one case, with 
a powerful lathe, to produce fracture of the roll. 

The fragility ol alloy rolls has been attributed to 
volume changes in the constituents on heating—i.e., 
austenite to martensite, ete., and, in the case of cracking 
or fracture during turning, any volume changes together 
with low plasticity may be the cause through local 
heating. Grinding occasionally revealed minute cracks. 

The greater hardness of alloyed rolls is also associated 
with resistance to abrasion, so that the rolls maintain 
surface finish much longer, and, in mills where hot 
rolled finish of strip is important, less frequent. roll 
changing is needed, with inereased production. Assuming 
that the rolls are carefully made and heat treated, 


Fig. 13. Structure of chill taken from the same roll as in 
Fig. 12. x 500 


however, it is still a question for the mill management to 
decide whether or not the extra expense is justified 
by the particular conditions of service required of them. 
Whether the use of cheaper tools, which are frequently 
changed and worn out, may not be advantageous over 
superior tools, which are more expensive and last longer 
with fewer interruptions of working, especially if a rapid 
roll changing system has been developed, is a statistical 
question for the management and the particular class of 
trade involved. 

For cold rolling, the alloyed rolls give satisfaction if 
they survive the first few shifts, and while the polish 
wears more quickly than that of hardened steel rolls of 
scleroscope 90-92, the latter are more expensive, and 
more difficult to dispose of when worn out. The manu- 
facturing facilities, in addition to the usual heavy 
equipment for roll-founding demand suitable heat- 
treatment furnaces with handling resources ; powerful 
lathes for machining being assumed. 

In addition to the metallurgical considerations, there 
is the greater responsibility, especially with regard to 
larger sizes, failures being much more serious, and 
disposal of casualties so much more difficult. The heat 
treatment requires the utmost care so that the furnaces 
are at the suitable temperatures to receive the rolls, 
with heating arrangements under strict control. 

Finally, it has been demonstrated that the more 
moderately alloyed rolls are a distinct advance, and that 
highly alloyed rolls can give superior service with 
suitable handling in the mills. 
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Change of Address 


WILLIAM Jessop & Sons Lrp., and J. J. Saville and Co. 
Ltd., Steelmakers, of Sheffield, announce a change in 
the location of their London Office which in future 
will operate from the following address: Kingsway 
Chambers, 44 46, Kingsway, London, W.C.2. Telephone 
No. : Holborn 7145/6. 


METALLURGIA 


co 


as 
fo 
er 
fu 
ar 
it 
hi 
bi 
th 
ti 
re 
th 
gi 
ne 
la 
ut 
si 
ti 
ro 
w 
4 cc 
be 
: ne 
to 


Plant Development and Progress 


in the Iron and Steel Industry 
By A. G. Robiette, M.Sc., F.I.M.* and G. L. Thomas, M.Sc., F.1.M.* 


In addition to the plant and machinery 
necessary for the making of iron and 
of steel, production involves such 
essentials as coal, coke making, ore 
mining, ore preparation, and both 
internal and external transport, all 
of which need special plant and 
machinery. For the manipulation 
and conversion of iron and steel into its 
various marketable forms, plant and 
machinery are all-essential. In the 
following series of articles a_ brief 
outline is given of some of the plant 
developments which are contributing, 
or will on completion, in meeting the 
production targets. 


British Iron and Steel Industry’s 
development plan which was published 
as a White Paper in May, 1946, a huge 
constructional programme has been set on 
foot, and we see all over the country the 
erection of new ore preparation plants, blast 
furnaces, steel melting shops, rolling mills 
and finishing departments. 

In general, the plant being installed follows the 
pattern of modern iron and steel engineering as we knew 
itin the decade immediately preceding the war. There 
has been no radical or revolutionary departures in design, 
but one can witness a steady development in detail and 
the increasing trend towards more and more mechanisa- 
tion and less reliance upon the human element. This 
refers particularly to charging and handling processes. 

Economic influences govern largely the selection of 
the type of plant being installed and, as in America, the 
greatly increased cost of labour, coke and iron ore, has 
necessitated the installation of plant designed to reduce 
labour, to cut down coke consumption and to give full 
utilisation of the iron ore. 

This is evidenced by the vast ore preparation and 
sint: ing plants being installed, the complete mechanisa- 
tion of blast-furnace charging and the fully mechanised 


the putting into effect of the 


roll’ » mills being installed for billets, sheets, plates, 
wir -od and other products. 


I jas also tended towards the installation of larger 
uni of plant which in general involve a lower capital 
cos or ton of output, and require less manhours per 
steel or iron made. 

1 fundamental principles underlying the new plant 
be installed have long been appreciated, but the 
nec ity for saving a few hundredweights of coke per 
ton pig iron, or a few manhours, was not so great at 


r and Chief Metallurgist, respectively, of John Miles & Partners 
on), Ltd. 


Courtesy of Messrs. Stewarts & Lloyds, Ltd. 


Tapping one of four Wellman open-hearth furnaces installed at the 
Clydesdale Works of Messrs. Stewarts & Lloyds, Ltd. 


pre-war prices, and in some cases the additional capital 
expenditure to effect such savings could not be justified. 

A further tendency has been apparent during the past 
10-year period of acute world steel shortage, namely, 
the necessity to increase the production from existing 
plant and various improvements in plant and processes 
have been made, the result of which is plainly seen in the 
annual steel production statistics. 

From 1945 production has steadily increased and at 
present is some 20°, above that of the war years. This 
improvement in output has been due to the importation 
of higher grade raw materials, to the installation of 
new units, improvements and extensions to existing 
units, and to the steady increase in technical efficiency. 

In recent years prices of raw materials, particularly of 
fuel, have increased substantially. For example, coal 
and coke are approximately two and a half times their 
1938 prices and iron ore is more than double. These 
rises in prices have been an added incentive for the 
industry to improve its technical efficiency, with the 
result that fuel requirements have been substantially 
reduced and the overall efficiency of the industry 
improved to such an extent that despite the above rise 
in prices, selling prices for steel have increased only 
approximately 1-9 times over the 1938 figures. In fact, 
the selling prices of British steel products are amongst 
the lowest in the world, even below those countries which 
are much more favourably placed with regard to price, 
quality and availability of raw materials. 
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Pig Iron Production 

In the manufacture of steel in this country over 40%, 
of pig iron is required. Its cost per ton is two to three 
times that of scrap and, consequently, every effort has 
been made to keep down manufacturing costs despite 
the very large increase in iron ore and coke prices. 
Intensive application of modern raw material preparation 
has been the main factor in this direction. The principles 
and advantages of ore preparation have been known for 
a long time, but it is only in more recent years that wide- 
spread adoption has developed. 

The modern trend is to reduce the size of the crushed 
iron ore charged to the blast furnace, provided the 
increase in fines can be adequately dealt with. The 
minimum size of ore charged to the furnace is still a 
subject of considerable experiment, but in the case of 
British local ores this minimum size has been limited by 
the ability to screen. In wet weather it is difficult to 
screen even at | in., and recent installations provide for 
ore drying to improve subsequent sintering operations 
and to be able to charge smaller ore sizes direct to the 
blast furnace. 

On the more variable lower grade iron ores, recent 
installations of ore bedding or mixing plants have 
resulted in higher outputs, lower coke consumption and 
smoother operation of the blast furnace, and also of the 
steel furnaces. 

Until the war, sinter plants had been the * Cinderella” 
of the iron industry, but in recent years their true value, 
particularly on British low grade ores, has been 
appreciated. 

By improvements in the preparation of raw materials 
to be sintered, mainly in the fine crushing of the ore and 
coke and their thorough mixing, much higher quality 
sinter is now being produced with considerable economies, 
both in the sinter plant and in subsequent blast-furnace 
operation. 

There has been a gradual increase in the proportion 
of sinter charged to blast furnaces. It has been found 
that the output of a given blast furnace operating on 
Midland ores increases with a higher proportion of sinter 


in the burden, and the coke consumption per ton of 


pig iron decreases steadily with the increased sinter in 
the burden. Many plants have therefore increased their 
output by enlarging their sinter plant capacity. On the 
other hand, the manufacturing cost of pig iron increases 
with the higher proportion of sinter, but where blast 
furnace capacity is limited this method of raising pig 
iron production is justified. 

It is, however, not certain in every case that sintering 
is desirable. Recent tests on relatively hard iron ores 
which give a low percentage of fines on crushing, show 
that all the fines can be charged to the blast furnace and 
result in good operation, provided the crushed ore is 
screened and the fines charged separately. 

With regard to the blast furnaces, they have steadily 
increased in size and output, the present limit being 
around 27 or 28 ft. hearth diameter. Since 1938, the 
number of furnaces in Britain has decreased from 
approximately 190 to approximately 150, whilst the 
average output per furnace has increased from around 
70,000 tons per annum to over 90,000 tons per annum. 

Much more scientific control is now being exercised 
to achieve uniform burdening, continuous blowing, 


uniform hot-blast temperatures, uniform analysis and 
accurate weighing of all materials. 
The use of carbon linings, particularly of the hearth, 


A 72 in. by 20 windbox sintering machine forming part 
of the Appleby-Frodingham sinter plant. 


has become an accepted practice, and much pioneering 
work has been carried out with the complete lining made 
from carbon. 

One blast furnace has been converted for high-pressure 
blowing and much work requires to be done before it 
can be decided whether high-pressure blowing is advan- 
tageous when using a properly prepared burden. 


Steelmaking 

As with blast furnaces the tendency with open- 
hearth steel furnaces is towards larger units in both new 
and existing melting shops, the sizes of fixed furnaces 
reaching 200-225 tons in capacity. In some of the older 
shops the increase in furnace size has been limited by 
space and by crane capacity, although by doubling the 
size of a furnace, if possible, and tapping it into twin 
ladles by means of a bifurcated spout, the same capacity 
ladles and the same tapping cranes have been utilised. 

The majority of the new stationary furnaces vary in 
size from 80-200 tons and are fired by producer gas, 
mixed gas and oil. For fast scrap melting, new furnaces 
fired with gas are usually of the Venturi type with the 
sloping backwall. The oil furnaces are designed with 
more open ends, larger uptakes and straighter roofs. 

All the modern furnaces are fitted with straight- 
through valves and facilities for blowing the soot from 
live gas mains, if any, and also the dust from the checker- 
work and the fines at regular intervals with a view to 
maintaining a high output throughout the furnace 
campaign. 

Attempts are being made to lower the refractory costs 
per ton of steel by the introduction of basic brick in 
some of the more vulnerable parts of the furnace, while 
trials with the “all-basic’’ furnace have restarted. 
These trials, which are favoured by the longer working 
week, are being extended over a period of approximately 
two years. 

The introduction and recent improvement of instru- 
ment control now ensures an improved and more 
consistent melting rate. Automatic control of the fuel 
input by the measurement of roof temperature wil! hold 
the latter within close limits during the reversal periods. 

The almost universal application of the Schotield- 
Grace immersion pyrometer which is essentially a British 
development, together with high-speed indicators and 
recorders, has made an important contribution to steel 
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One of four 46 ft. dia. rotary sinter coolers to be installed 
at Appleby-Frodingham works. 


quality, and has removed one more variable from the 
process of steelmaking. It is invaluable in the quality 
steel industry, and its application has rapidly spread to 
the foundry industry as well. 

All the controls mentioned now enable a furnace to 
work faster and more efficiently. Tilting furnaces of 
350-ton capacity are also giving increased tonnages with 
decreased costs. 

With regard to the basic Bessemer process, the main 
trend has been towards higher quality steels of low 
nitrogen and phosphorus contents, together with 
experimental work on the use of oxygen enriched blast. 


Steel Reheating 

Continuous recuperative pusher furnaces have for 
some time been the standard equipment for the reheating 
of small ingots and billets, and their efficiency and 
reliability are proved. There remains one bugbear— 
that of sealing. 

Equipment designers are actively tackling this problem 
and the day is in sight when scale-free reheating can be 
accomplished in efficient controlled-atmosphere furnaces, 
with no appreciable increase in cost. 


Rolling Mills 

The most significant trends in 
rolling mill development are the 
practically universal electrifica- 
tion of mill drives and, where 
justified, the installation of con- 
tinuous single purpose mills. 

The complete electrification of 
a rol'ing mill lends itself to 


accurate methods of control, 
especully of the automatic 
sequeiice of passes in continuous 
rolliy It also facilitates com- 
plete mechanisation which 
is bes incorporated in most of 
the dern plants. The old 
-nill methods, except for 
cert special high-priced pro- 
duet. are too extravagant in 
labo and have too low an 
to compete under present- 
day ndards. 


4 ertical-horizontal type of 
mill 


finding increased favour 
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for solid sections such as billets, rounds, squares and 
hexagons, and the near future should see several of these 
mills operating. 

Single purpose continuous strip, rod, billet and bar 
mills are all being installed with high rates of production, 
enabling the lowest possible costs of manufacture to be 
obtained. 

For a slabbing mill a large twin motor drive is nearing 
completion, and constant developments are centred on 
the control of variable-speed drives by quick-acting 
exciters for both main and auxiliary drives. Electronic 
and servo-motor controls are showing marked advances 
for close speed regulation and automatic schemes. A 
4,000 h.p. mill drive has been manufactured in Great 
Britain employing mercury-are rectifiers with grid- 
control for speed adjustment. 


Traffic and Electrical Developments 

Diesel-electric shunting locomotives are beginning to 
find favour and traffic control problems are being solved 
by portable radio equipment. 

At blast-furnace plants higher steam pressures from 
450-600 Ib./sq. in. are being adopted, and research is 
taking place on gas turbines for blast-furnace blowers. 

The war stimulated the development of the gas turbine 
and solved to a large extent the problems of materials 
required in its construction. High strength, high 
temperature alloys, which are still being improved, have 
been developed and although the life required in aero 
turbines does not approach that which would be essential 
for steel-works plant, there is now a reasonable expecta- 
tion that operating at a somewhat lower temperature, 
gas turbines can be designed in the near future for the 
blowing of blast furnaces, and even converters. 

The principle has recognised advantages and is being 
pursued in conjunction with schemes for blast heating. 
Electric drive has also been adopted for a blast-furnace 
blower whereby a geared D.C. motor drive is powered 
by grid-controlled mercury-are rectifiers, the speed 
control being automatically adjusted by a constant- 
volume blast regulator. 

In electric distribution, voltages up to 33 kV. are used 


Two ‘ Rust "’ triple fired type slab reheating furnaces by Stein & Atkinson, Ltd., 
each of which will have an output of up to 100 tons/hr. of slabs up to 8} in. thick 
and up to 6 ft. wide and 18 ft. long. 
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for power networks, which tends to maintain 
better voltage regulation when connecting 
heavy blocks of load derived from rolling 
mills and electric furnaces. The use of under- 
ground ducts and tunnels has improved the 
layout and maintenance of cabling systems. 

For electric furnaces, voltages up to 
33 kV. have been used for the input side to 
transformers, and air-blast circuit breakers 
reduce fire hazards under repeated switching 
during operation. Electric drive for the 
electrode mechanisms is tending to replace 
hydraulic drive and quick-acting exciters give 
more flexibility in control. 


Tinplate 

A marked advance in the methods of pro- 
duction of tinplate in this country was made 
with the installation of the first electrolytic 
tinning line at Ebbw Vale which was put in 
operation in the second half of 1947. This 
line, operating the so-called ‘ Ferrostan ” 
electrolytic tinning process is producing 
tinplate in a continuous process starting with 
coils of cold reduced strip, weighing up to 
30,000 Ib. and ending with standard size 
tinplate cut into pieces, inspected in the course of its 
passing through the line, piled and ready for packing 
and despatch. The line operates at speeds up to 600 ft. 
per minute, and is capable of a production of about 
1,500,000 basis boxes per year. 

The main feature of this process is that the tin 
coating on the steel base is produced by electrodeposition. 
The orthodox hot-dip method consisted of passing cut 
plates one by one through molten tin, with no reliable 
means available to the operator for varying the thickness 
of the tin coating outside the usual limits of about 
1-5-1-25 Ib. of tin per basis box. 

The electrolytic method gives means for varying the 
thickness of the tin deposited on the surfaces of the steel 
base within any desired and predetermined limits by 
merely adjusting the current density and the time of 
immersion of the strip in the plating tanks (in other 
words, speed of the strip’s passage through the tanks). 

The various grades of tinplate so far offered on the 
market correspond to the weights of tin coating of 
0-5 lb. per basis box, 0-25 Ib. per basis box, and 0-75 Ib. 
per basis box. The most popular grade, so far, of 0-5 Ib. 
per basis box alone offers a saving of tin of about 66°, 
as compared with the 1-5 lb. per basis box grade usually 
produced by the hot-dip method. 

Correspondingly larger savings are attained with 
0-25 grade which has proved satisfactory for the packing 
of dry goods and also oil products. A very large market 
for the grade 0-75 Ib. per basis box developed in Americ: 
for the packing of milk products will no doubt develop 
in time also on this side of the Atlantic. 


The first line at Ebbw Vale, being also the first line of 


this kind in Europe, has shown consistently a highly 
satisfactory performance, yielding over 94°, of primes. 

Two more similar lines are now to be installed in 
South Wales, but each of a higher capacity and speed 
than that of Fbbw Vale, its rated maximum speed being 
800 ft. per minute. 


Use of Oxygen 
In order to increase the output from existing plant, 


Courtesy of Guest, Keen & Nettlefolds, Ltd, 


A 23-stand continuous merchant and rod mill, built to Morgan 
Construction Company’s designs by Davy- United, will shortly go into 
production at the Cardiff Works of Guest, Keen & Nettlefolds, Ltd. 


oxygen has been applied both as an adjunct to the 
combustion process for producing higher flame tempera. 
tures and more rapid melting, but in this country it is 
principally applied as an aid to refining. 

Although it speeds up the open-hearth process it 
decreases lining life, and in the long run its advantages 
are debateable. On electric furnaces, especially for 
stainless steels, its application is very wide and it has 
enabled large economies in stainless manufacture to be 
effected, especially in so far as the utilisation of scrap is 
concerned, 

It has also been applied to both side and_ bottom 
blown converter plants as oxygen enriched blast, its 
main purpose being to increase output and give hotter 
metal. 

Continuous Casting 


The idea of continuous casting is almost as old as the 
industry, and it has, of course, been realised in large 
scale practice for non-ferrous metals. The problems 
involved in the casting of steel continuously are mue! 
more difficult, mainly as a result of the much higher 
temperatures, 

The idea which cuts out the ingot stage and heavy 
rolling mills is attractive, especially to the small producer. 
and in particular for alloy steels. Machines have been 
built and operated experimentally, or as pilot plants, in 
America, but it is refreshing to note that a machine 
designed and built in this country is now in experimental 
operation. 


High-frequency Heating 


The high-frequency melting furnace has now beet 
established over a period of more than twenty years for 
the production of tool and other special alloy steels 
The application of this principle for heat treatment and 
for reheating is a much later development, and it has 
established itself in many industries where localised ot 
surface heating, especially for hardening, is requ ired. 

It has however, been applied on a relative! large 
scale in one particular installation for the hee ing 
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Courtesy of Samuel Osborn & Co., Ltd. 


As a result of the increased cost of coke 
and, in many cases, it decreases in quality, 
there has been considerable interest in the 
application of hot blast to cupolas and some 
installations are now being made. They 
employ the waste gases to preheat the blast 
up to 500°C. One important effect of hot 
blast is to increase carbon pick-up and it is 
also possible to obtain siliccn pick-up which 
enables all-steel mixes to be used. 

Moreover, to obtain more continuous 
operation and to increase refractory life, the 
application of water cooling is a successful 
development. 

In the malleable industry the most 
notable development has been the gaseous 
annealing furnace which was introduced 
towards the end of the war for the manu- 
facture of track links. It is no exaggeration 
to say that it has revolutionised the 
whiteheart industry and has effected savings 
in annealing costs of up to £10 per ton, 
economising both in labour and materials, 
eliminating completely both iron ore and 
boxes. 

Gaseous annealing furnaces are also being 


A 60-in. four-high reversing cold sheet mill, designed and built by — installed in the blackheart industry with not 
W. H. A. Robertson & Co., Ltd., for rolling stainless-steel sheets. .5 spectacular, but with equally satisfactory, 


billets for forging. It has also been applied quite widely 
to the heating of stock for bolt and rivet heading in 
exceptionally good automatic machines. 

As equipment manufacturers increase their turnover 
of plant of this type, especially with the increasing size 
of generators which should result in a lower capital-cost 
per kW., this system of heating steel will have many 
attractions, especially where the price of electricity is 
reasonably low. 


Developments in the Foundry 


Developments in foundry plant and equipment, 
though on a smaller scale, have been no less significant. 
The foundry industry had to be rapidly expanded and 
re-equipped during the war for the large scale manu- 
facture of bombs ; track links, bogie wheels and other 
tank parts and large new mechanised foundries were 
installed. 

In the steel foundry rapid melting electric furnaces 
powered with as much as 1,000 kVA. per ton of capacity 
were installed. Latterly new rapid automatic electrode 
mechanisms have been incorporated which reduce 
power and electrode consumption, and oxygen injection 
has cut down the refining time and tended to increase 
the juality of steel made. 

w side blown converter plants were installed with 
ma’ » improved features, including Roots blowers with 
spe | control and converter bodies removable on jack- 
car In view of the wide differential between the price 
of- ap and pig iron, there has been a tendency on the 
se. of economics to use scrap and melt electrically 
rat’ than use the Tropenas process. 

| the gray iron industry which supplies so many of 
the \eeds for consumer goods, and also the building 
inc try, mechanised casting and moulding equipment, 
an automatic sand preparation plants have been 
ins’ led in most foundries of any size. 
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results. 
Conclusion 


Little or no re-equipment of the iron and steel industry 
—except for the foundry trades—took place during the 
war and plant and equipment designers and manu- 
facturers had to devote their capacity and energy to 
the production of the engines of war. No little credit 
is therefore due to them for the rapid reorganisation 
and reconversion of their shops and manufacturing 
facilities so as to re-equip the British iron and steel 
industry with the largest programme of construction 
ever undertaken in a five-year period, and some of them 
have still been able to make a valuable contribution to 
our export drive. 


Courtesy of The Appleby-Frodingham Steel Co. 
branch of The United Steel Companies, Ltd. 


This bloom shear of the 42 in. by 8 ft. reversing blooming 
mill by Davy-United is of 1,200 tons blade load and is 
capable of cutting up to 16 in. square blooms. 
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Coke Oven 
Plant 


Some Typical Examples of 
New Batteries 


Coke making is one of the essential 
requirements in operating the blast 
furnace and, with. the greatly 
increased cost of coal of the right 
quality, it has become much more 
important economically than it was 
formerly considered to be. New 
coke oven batteries and extensions 
to existing ones, designed to serve 
the need for increased output, are 
briefly reviewed and attention 
directed to some new plants in hand, 


JHILE much work has been done and is being done 

in preparing the materials that constitute the blast 
furnace burden the need for the right kind of coke of the 
right size and screened entirely free from dust is now 
fully appreciated. The modern coke oven, employing 


high temperature for carbonising, has proved itself 


capable of producing a type of coke more suitable for the 
blast furnace, particularly as much of the better class 
coking coals are gradually being depleted and with high 
temperature coking quite good coke can be made from 
coals that were formerly regarded as being only of medium 
value. No matter how well coke may be made and 
screened at the ovens, however, it still remains of a more- 
or-less friable nature and transit by railway, with 
subsequent handling, can never improve its value, 
hence oven plant should be located near to blast furnaces. 

In a fully integrated steelworks, of course, full use can 
be made of the surplus rich gas and very considerable 
economies effected. To obtain the best results from the 
gas made available, steps are taken to provide uniform 
pressure at all parts of the consuming system. Of various 
methods tried the most effective one is obtained by 
means of gas holders large enough to surmount short 
interruptions to supply and connected in parallel 
with the system. 

Apart from the value of the gas, however, the modern 
coke oven makes most of the ordinary by-products by 
extracting and collecting the maximum of tar, sulphate 
of ammonia, and crude benzole, all of which cheapen the 
coke and tend to reduce pig iron cost. But it must be 
remembered that blast furnace coke is the principal 
product of a coke oven plant and it is the demand for this 
which determines the output of by-products, and, to 
serve the needs of the new and modified blast furnaces 
included in the development plan, existing coke oven 
batteries have been extended, new batteries have re- 
placed those which have ceased to function economically, 
and, in some instances, completely new batteries are 


Courtesy of The Woodall-Duckham Vertical Retort and Oven Construction Co. (1920), Ltd 


The pusher side of two batteries each of 27 W.D. Becker Combination 
Underjet Coke Ovens at the Fell Works of The Consett Iron Co., Ltd. 


being installed. Some typical examples of these are 
briefly referred to in the following notes. 

Much progress was made in the design and erection of 
coke oven plants before the war, but since 1945 the 
position has been intensified and the production records 
in the industry indicate in some measure the achieve- 
ments made. The installation of the Woodall-Duckham 
Becker coke ovens at the Fell Works of The Consett 
Iron Co., Ltd., is typical of many which form part of 
comprehensive schemes. This plant has been added to 
an existing battery of 60 Wilputte ovens carbonising 
1,000 tons of coal a day. The new installation comprises 
54 ovens in two separate batteries of 27 ovens each built 
in line with the ovens’ coal storage bunker at one end 
and the oven stack at the other. The ovens are of the 
Woedall-Duckham Becker combination underjet type. 
each being 42 ft. 44 in. long between doors, 14 ft. high 
and having an average width of 18 in. The capacity of 
ach oven is 826 cu. ft., and the batteries are designed to 
carbonise daily 1,200 tons of coal containing 7°,, moisture. 
The battery is complete with modern by-product plant 
and is operating successfully. 

The * Hammer Head ” type of construction employed 
for the oven walls, and particularly the form of banding 
at the ends of the ovens, ensures freedom from leakage 
with a subsequent long life for the oven. The heating 
system consists of a series of vertical flues on each side 
of each oven, with two regenerators built under each 
series of vertical flues. Either blast furnace gas or 
coke oven gas can be employed as the heating medium. 
When the ovens are heated by blast furnace gas both 
the gas and the air enter the bottom of their respective 
regenerators at both sides and at the same time. After 
being preheated in their passage through the regenerators, 
the gas and air pass through specially designed ports and 
meet at the bottom of the vertical flues where combustion 
commences. The products of combustion are col!ected 
from each group of vertical flues and carried over the 
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to» of the oven by means of crossover flues from which 
th y pass into the two regenerators, through which they 
pass into the waste gas flues, giving up heat in transit. 
Upon reversal of the dampers, which is automatically 
controlled and occurs at 30 min. intervals, the air and 
gas travel up through the regenerators and the vertical 
flues down which the waste gas has previously passed. 

When the ovens are heated by coke oven gas the under- 
jet system is employed by which the gas is fed from the 
fuel gas main through connections carrying the reversing 
and isolating valves to the cross header pipes in the 
basement beneath the battery structure. From the 
cross header pipes the gas is led to the vertical ducts in 
the wall between the two regenerators through which it 
passes to the base of the vertical flues where it meets the 
preheated air and combustion commences ; subsequently 
the flow of gases is similar to that when using blast 
furnace gas with the exception that the regenerators are 
used for waste gas and air only. 

The coal crushing and handling plant has a nominal 
capacity of 200 tons per hour of coal with an admixture 
of up to 5°, of ground coke breeze. The plant has been 
designed so that it can also handle the coal required for 
the old battery. The pulverised coal from the crushers 
is fed on to a 30 in. inclined belt conveyor which delivers 
it at the top of a 3,000 ton capacity bunker, where a 
rotary shuttle belt conveyor distributes it as required. 
There are 16 discharge gates which are hand operated 
from a platform below the bunker, from these the coal 
charger is loaded. This car is of the portal type and has 
a capacity of approximately 18 tons. Facilities are 
provided for weighing the coal before charging it. 

When carbonisation is complete the coke is dis- 


charged into a quenching car by means of a pusher 
machine which is a combined pushing, levelling and door- 


extracting machine. The quenching car, which has 
ample capacity to hold the complete discharge of one 
oven, delivers the hot coke to the quenching station 
serving the old battery where it is sprayed with water. 
The original station has been extended to deal with 
coke from the new battery, but work is in progress on an 
entirely new quenching station at the chimney end of the 
battery. Full arrangements are made for screening the 
coke and conveying it to suitable bunkers. 

Other Woodall-Duckham coke ovens, recently con- 
structed or in hand for the iron and steel industry, 
include the new battery of 23 ovens provided for in 
the Scunthorpe Works project of John Lysaghts, which 
takes in additional coal crushing plant and some addi- 
tions to the existing by-product recovery plant ; 
extension of the 76 coke ovens operating at the Ebbw 
Vale Section of Richard Thomas & Baldwin, Ltd., by a 
further 21 ovens ; a further 13 ovens for the East Moors 
Works, Cardiff, of Guest Keen Baldwins Iron and Steel 
Co., Ltd. : a new installation (the fifth) of 17 ovens for 
the Corby Works of Stewarts and Lloyds, Ltd. ; doubling 
the present battery of 66 Woodall-Duckham Koppers 
coke ovens at the South Ironworks of Appleby- 
Frodingham Steel Co., Ltd. ; and an additional 21 ovens 
to the new battery of 22 Koppers ovens put in operation 
in 1917 at Orgreave for The United Steel Companies, Ltd. 

Ar outstanding development of great importance to 
the « onomic development of the iron and steel industry 
is th t taking place in connection with the continuous 
strip nillin South Wales and the reconstruction involved 
in t!e group now comprising The Steel Company of 
Wal :, Ltd. Associated with this development is a coke 


oven plant which is under construction at the Abbey 
Steelworks. The contract, which covers 90 coke ovens 
and by-product plant, together with new water-tube 
boilers and steam raising equipment in a new boiler 
house, was obtained by Simon-Carves, Ltd. 

The plan to greatly increase the blast furnace capacity 
involved considerable addition to the existing coke oven 
plant and work on a new battery has been in progress 
since 1948. The battery then existing comprised 54 
Simon-Carves Underjet ovens which were built in 1939- 
1940 to replace a battery of another type. These ovens, 
which can be heated by coke oven or blast furnace gas 
or both, were desinged to carbonise coal containing 10%, 
of moisture in a coking time of 18 hours. Additional 
coal handling plant was installed, a new washer box was 
added to the existing coal washery, and six new blending 
bunkers were built on to the existing bunkers. The 
necessary coal handling plant and a new by-product 
plant were also installed, as well as the necessary electric 
motors, starting equipment, recording and controlling 
instruments, ete. 

The contracts placed in 1948 for a further 90 ovens and 
associated plant will be the first of the Simon-Carves 
Superjet type to be built in Britain and the accompany- 
ing illustrations show the progress in their structure in 
April this year. The ovens will be arranged in three 
batteries of 30, each battery being divided into two 
blocks of 15, and, like the initial 54 oven battery, they can 
be heated by either coke oven or blast furnace gas or by 
both together. The plant includes two sets of oven 
machinery and a 2,000-ton self-emptying coal service 
bunker of the “slot” type arranged for mechanical 
coal extraction, this being the first of its type to be built 
in Britain. 

The new by-product plant, which replaces the plant 
built under the pre-war contract, is designed to handle 
the distillation gases from 2,750 tons of coal per day, 
which is the load from the original 54 ovens, the 90 new 
ovens and a future 15 ovens. It includes six primary 
gas coolers, five electrostatic tar precipitators, two 
turbine-driven gas exhausters and gas boosters ; there is 
a sulphate of ammonia plant on the semi-direct system 
and a crude benzole plant. The surplus oven gas will 
serve the steelworks and the remainder will supplement 
the town supply. It is noteworthy that Monel metal is 
being used for the construction of the saturators which 
will eliminate the use of lead and acid tile linings 
associated with normal designs. 

The decision to introduce iron smelting at the Hawar- 
den Bridge Steelworks of John Summers & Sons, Ltd., 
where the sheet steel department is being extended, has 
involved the building of a new blast furnace and a 
second one to be built at a later date. The existing plant 
at Hawarden Bridge is working on the cold metal process 
using pig iron from an associated company and coke 
ovens, blast furnaces and new steelmaking furnaces 
are to be installed to work the hot metal process. 

The coke oven and by-product plant for this project, 
the contract for which has been placed with Simon- 
Carves, Ltd., is probably the most comprehensive of its 
kind ever placed in Britain, embracing as it does the 
installation from raw coal intake to delivery of coke to 
the blast furnaces and gas to the holder outlet. The 
initial capacity of the ovens, which are to be built in two 
batteries of 44 each with a 5,000 ton coal bunker between 
them, is that of carbonising 1,530 tons of coal a day. 
Provision is being made, however, for a third battery of 
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44 ovens when the second blast furn- 
ace is installed. The coal and coke 
handling equipment and by- 
product plant, therefore, are being 
designed to operate at 50°, higher 
capacity to be able to serve a future 
battery of ovens after the addition of 
certain units to the by-product plant. 

Coal will be delivered by rail and 
from sidings, the coal wagons will gra- 
vitate to two hoists to be discharged 
by side tipplers into under rail 
hoppers, from which the coal is 
conveyed to coal breakers and thence 
to a group of blending piles. Coal re- 
claimed from these piles is conveyed 
to the pulveriser house and then to 
the 5,000 ton reinforced concrete 
coal service bunker. Thus, the stock- 
ing out and reclaiming equipment is 
so designed as to dispense with the 
need for blending bunkers. 

The compound ovens, of Simon- 


Carves Superjet type, are heated by phe simon-Carves coke oven plant under construction at the Margam Works 


may be made of the repar 
programme in progress t 
the Cleveland Works of Do-. 
man Long & Co., Ltd. Lile 
many coke oven plants n 
Britain, especially those n 
coastal areas, the Cleve. 
land ovens, comprising two 
batteries of Simon-Carves 
Underjet ovens, suffered 
prolonged interruption dur- 
ing six years of war and in 
1945 they were reported as 
being unlikely to last more 
than another five years. 
A repair programme was 
accordingly evolved, which 
provided for rebuilding in 
four successive stages in 
order to minimise loss of 
output of coke and gas, on 
which the steelworks entire- 
ly depended. The existing 


a mixture of lean gas, rich gas and of The Steel Company of Wales, Ltd. The illustrations are from photographs 
air fed by steel pipes in the oven taken in April last and show the oven nozzle deck in the foreground with the 


basement. Conventional coke hand- 
ling and screening plant is to be 
installed, and a semi-direct by-product plant arranged 


for the recovery of crude tar, ammonia in the form of 


ammoniam sulphate, and for the production of benzole 
and allied products. This new plant is scheduled to go 
into operation about the middle of 1952. 

Coke oven developments are also in progress at 
Shelton Iron, Steel & Coal Co. works at Stoke-on-Trent, 
where Simon-Carves have in hand a contract for 2 
compound Underjet ovens, to be built in line with a 
battery ordered in 1936 but on the opposite side of the 
service bunker. Additional equipment is being supplied 
to enable the by-product plant to handle the gas from 
both batteries. 

Among other coke oven plant developments mention 
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exhauster and pump house at the back and of the sulphate house. 


batteries were divided into four blocks of 33 ovens, 
each of which could be operated independently of the 
others. Temporary arrangements were made for charging 
the outer blocks of ovens while the inner blocks were 
under repair. The repair programme, from the com- 
mencement of demolition to the making of coke by the 
new ovens, has been carried out with the minimum of 
interference with the efficiency of the steelworks and is 
now practically completed. 

It is noteworthy that Simon-Carves have recently 
given much attention to the design, building and opera- 
tion of small test ovens. One of the principal obje: tives 
of the test ovens is accurate knowledge of the behe viour 
of different coals under various carbonising cond: ions. 
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Blast Furnace and 
Ore Preparation 
Plant 


The outstanding considerations 
in the development of blast 
furnaces has been increased pro- 
duction at the lowest cost. With 
these factors in view, furnaces 
have not only been designed on a 
larger scale but particular atten- 
tion has been given to uniform 
distribution of the charge and to 
the condition of the charge. Dev- 
elopments in design, sizing and 
better distribution of the charge 
and improved refractories have 
resulted in furnaces being kept 
in blast for longer periods. 


‘THE programme of development being carried out by 
the iron and steel industry is proceeding at a rapid 
rate despite the abnormal rise in the cost of new plant, 
buildings and constructional work and the difficulty of 
obtaining regular supplies of suitable fuel and raw 
materials to keep pace with the expansion of capacity. 
To achieve the pig iron production of 12? million tons per 
annum included in the plan 24 new blast furnaces are 
projected for the production of basic pig iron, with an 
additional five for making foundry iron. Some of these 
new furnaces are completed, others are in course of 
construction, while a number are at the designing stage. 
The policy of discarding the smaller and obsolete 
blast furnace units and to replace them with larger units, 
which was in operation before the war, has continued, 
and all the new furnaces designed to supply pig iron for 
steelmaking have hearth diameters exceeding 20 ft., 
while those for foundry iron production are rather 
smaller. With the increase in capacity of individual 
units the trend has been towards a reduction in the 
number operating and as more of the new units come into 
operation it can be expected that further uneconomic 
furnaces will be demolished. Many factors influence the 
decision of what constitutes the maximum hearth dia- 
meter which can be successfully and economically 
operated, the most important being the lack of know- 
leige of what goes on inside the blast furnace during its 
operation. At present the limit is considered to be about 
28 ft., which gives a capacity of approximately 1,200 
tons per day under normal conditions. 
\part from the increase in size and the increased 
ation which has been given to mechanical charging 
‘ively little change has been effected in the basic 
m of blast furnaces, but output from modern 
llations has been augmented by the greater care 
: paid tothe preparation of ores. Attention has not 
been given to the grading of ore charged, but also 
-reening out the fines and subsequently treating these 
in a sintering plant. Other methods likely to 
‘ase output from individual furnaces are being care- 


A typical modern blast furnace plant designed and constructed by Arthur 
G. McKee & Co., associates of Head Wrightson & Co., Ltd. 


fully examined. Of these the most promising is the use 
of pressure blowing to increase top pressure in the fur- 
nace ; it is claimed, for instance, that an increase in the 
top pressure to about 10 Ib./sq. in. can increase the 
output by 15 to 20 per cent. This development necessi- 
tates larger capacity blowers operating at a pressure of 
35 to 40 lb./sq. in. Reference to some of the new 
furnaces in operation or in hand will be of interest. 

The blast furnace plant at the Clyde Iron Works of 
Colvilles, Ltd. comprises three mechanically charged 
blast furnaces, two of 18 ft. 3 in. hearth diameter and a 
third, which was blown-in in January, 1948, has a 20 ft. 
diameter hearth. This latter furnace, constructed by 
Ashmore, Benson, Pease & Co., was installed to provide 
increased pig iron production to meet the Company’s 
scheme for increased steelmaking. At present, however, 
only part of the molten metal from the furnace plant is 
used direct at the firm’s adjacent steelworks, the major 
part is handled on one of two double-strand pig-casting 
machines supplied by Ashmore, Benson, Pease & Co., 
which are served by overhead magnet cranes and a 
suitable stocking bay. The three furnaces discharge 
their gas into a common main extending the full length 
of the plant, feeding a gas washing plant comprising 
three units each capable of handling 3} million 
cu. ft./hour. Each unit consists of a pre-cooler washing 
tower, a disintegrator and a spray separator, all of which 
are to Whessoe design. 

The three furnaces are served by an ore stockyard, ore 
bridge crane, and high-line and transfer car system. 
Through railway tracks, parallel to the centre lines of the 
furnaces and running on either side of the furnace block, 
provide facilities for hot metal and slag ladles, flue dust 
collection and furnace stores. Steam is raised in a 
boiler plant, comprising a range of Stirling boilers and a 
range of Babcock boilers, at 280 Ib. and 180 Ib./sq. in. 
pressure respectively, the former being fired by blast 
furnace, coke oven gas, or fuel oil, and the iatter by 
blast furnace gas. 

Three modern blast furnaces have been built since 
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1940 at the Fell Works of The Consett Iron Co., Ltd. as 
part of their development and modernisation scheme. 
One of these went into operation in 1943, the second one 
in 1947 and the third has recently been completed. It is 
noteworthy that the second of these has beaten all pro- 
duction records for its size and has produced iron with 
less than 14 ewt. of coke per ton of iron. The iron from 
these furnaces is either delivered direct to an inactive 
mixer of 1,000 tons capacity and subsequently to the 
open hearth furnaces, or it is passed over a two-strand 
pig casting machine. The furnaces, which were built by 
Ashmore, Benson, Pease & Co., Ltd., are fed with raw 
materials from the furnace bunkers by the latest type 
of scale car and automatically controlled hoists, delivery 
to the bunkers being through a modern system of wagon 
tippler, crushers, screens and conveyers by means of 
transfer cars. A Lodge-Cottrell electrostatic gas-cleaning 
plant of the latest type will deal with the whole of the 
blast furnace gas which will be used in underfiring the 
the coke ovens, heating mill furnaces, and firing boilers. 
The major developments in the Dorman Long scheme 
include the new central ore unloading, preparation and 
sintering plant at the Cleveland Works which are now in 
operation. The design work of a new blast furnace plant 
for the Cleveland Works has been completed by The 
McKee Iron & Steel Division of Head Wrightson & Co., 
Ltd. This plant has not yet been put in hand, but the 
drawings supplied by the Division will enable Dorman 
Long to proceed with its construction when the time is 
opportune. New blast furnace ancillary equipment, 
however, is being installed in these works, which will fit 
into the furnace programme and assist in further reducing 
the cost of operating the existing blast furnace plant. 
At the Acklam Works two of the blast furnaces have 
been rebuilt, the hearth diameters having been increased 
from 15 ft. to 17 ft. Four vertical compound steam- 
blowing engines have been replaced by three Frazer & 
Chalmers 50,000 cu. ft. blowers. Each of these new 
units is self-contained with its own circulating water 
pumping equipment. Standby steam driven pumping 
equipment is also provided to avoid interruption to the 
blast furnaces in the event of failure of electric power 
supply. Automatic blast volume control is incorporated 
in the new equipment. The gas-cleaning facilities have 
been improved. Four old wet washing towers have been 
replaced by two large towers, 70 ft. high and 22 ft. 
diameter ; they operate in parallel and have a capacity 
of 54 million eu. ft. hour. Cleaning is done by high 
pressure sprays and shallow decks of hurdles. The gas 
entering the towers contains 3-4 gms. of dust per cu. 
metre and is cleaned to about | gm. per cu. metre ; the 
final cleaning being effected by Thelson rotary cleaners. 
For the preparation of the blast furnace raw materials 
the crushing equipment consists of a primary two-roll 
unit of heavy design to break the larger pieces of ore and 
limestone down to about 8 in. cubes suitable for passing 
through a cone-type secondary crusher for further 
reduction to about 2) in. cubes at the rated output of 
450 tons hour. Preceding the primary crusher provision 
is made for loading foreign raw ore direct into wagons for 
transport to Redear or Acklam Works. The crushed 
material is conveyed by belt to the screening stations 
where it is separated into graded sizes. The screening 
equipment comprises a vibrating bar grizzly and two 
sets of dual screens, all of which are located over a line 
of bunkers which receive the graded material. Five 


circular bunkers, in line, are provided for the fine ores 


below } in. residual from the screens, each bunker outlet 
being complete with a rotary feeder table delivering on to 
belts leading to a Dwight Lloyd sinter plant of the single 
strand continuous type which is rated at an output of 
8,000 tons week. 

The main reorganisation at the Irlam Works of The 
Lancashire Steel Corporation was carried out between 
the wars but progress has since been continuous, with a 
view to maintaining the works at high operating effi- 
ciency and increasing outputs. A new high pressure 
Brown Boveri turbo blower was installed in 1948 for 
supplying the blast furnaces. Modern instruments and 
automatic control equipment have also been installed. 
With two furnaces in commission output of pig iron is 
about 4,000 tons/week. A more recent addition is a 
Lodge-Cottrell electrostatic gas cleaning plant to enable 
the use of blast furnace gas for the underfiring of the 
coke ovens. New gasholders of 1 and 2 million cu. ft. 
capacity for coke oven and blast furnace gases respec- 
tively will permit improved control of their distribution 
and most advantageous use 

The expansion project at the Normanby Park Works 
of John Lysaght’s includes a blast furnace with a 
hearth diameter of 22 ft. 6 in., which Ashmore, Benson, 
Pease & Co. have in hand, the stoves for this furnace 
being by Newton Chambers & Co., and it will be serviced 
by a new turbo-blower designed to deliver 65,000 
cu. ft./ min. at a pressure of 18 Ib./sq. in. A new Lodge- 
Cottrell electrostatic plant will supersede the present gas- 
cleaning system which involves the use of washing towers. 
The new plant will be capable of dealing with 10 million 
cu. ft. hour, cleaning the gas down to 0.007 gms /cu. ft. 
These additions are expected to increase the output of 
pig iron to between 7,000-7,500 tons/week and the 
blast furnace gas will meet the increased need in the 
steel plant. Reorganisation of the method of handling 
the raw materials for the blast furnace plant is also inclu- 
ded; the prepared ore from the crushers and screens 
will be taken by conveyor belts to the blast furnace 
bunkers, instead of the present method of feeding by 
locomotives and wagons on a gantry. 

The more recent developments to the blast furnace 
plant of The Park Gate Iron & Steel Co. are its con- 
version from hand unleading of materials to mechanical 
handling. Two wagon tipplers have been installed and 
the materials are now conveyed on belts to storage 
bunkers. A scale car collects the materials from the 
bunkers and conveys them to the furnace hoist. The 
operations of this plant are now fully mechanical and 
charging of the furnaces is under autcmatic control. 

A complete new blast furnace is nearing completion 
at the works of Skinningrove Iron Co., together with 


stoves, ore bunkers, turbo-blower and pig-casting 
achine. This furnace has a hearth diameter of 2Ift 
machine. iis furnace has a hearth diameter of 2Ift. 


and, apart from the scale car, skip hoist, head gear, balls 
and the top, which are being supplied by the McKee 
Iron & Steel Division of Head Wrightson & Co., Ltd., the 
whole has been designed and fabricated by the Skinnin- 
grove Iron Co., Ltd. The stack, bosh and hearth jackets 
are entirely welded and it is noteworthy that, apart from 
the plates, practically all the steel used in the construc- 
tion of the plant has been rolled in the Company’s mills. 
From the base of the hearth to the top of the bosh the 
furnace is lined with carbon blocks and the shaft with 
firebrick. The two stoves are 110 ft. high and 25 ft. 
diameter, and each has a heating surface of 237.(\00 
sq. ft. The blower, made by Fraser & Chalmers, is 
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Courtesy of Fraser & Chalmer’s Engineering Works 


The travelling wing tripper at the ore preparation plant and the Robins-Messiter reclaiming machine on the ore piles 
at the Corby Works of Stewarts & Lloyds, Ltd. 


designed for maximum efficiency of 50,000 cu. ft. at 
15 lb. pressure/sq. in., which is the normal working 
load, but under heavier continuous loading it will 
deliver about 65,000 cu. ft. at a pressureof 20 Ib. /sq. in. 
The whole of the raw materials handling equipment for 
the blast furnace plant has been redesigned. Wagons 
carrying raw materials by rail are placed in sidings, from 
which they will travel by gravity to one of two tipplers 
and return empty to the sidings. Thus none of the blast 
furnace materials will be handled by the works loco- 
motives. The materials discharged by the tipplers are 
conveyed by 36 in. belts which discharge into the furnace 
bunkers. Between the tipplers and conveyor belt 
facilities will be provided for crushing and screening the 
ore and limestone to less than 4 in. This handling plant 
will service the existing furnaces as well as the new one. 
Blast furnace developments at the Ebbw Vale plant of 
Richard Thomas & Baldwins, Ltd. include the conversion 
of the two older 18 ft. single skip-charged units, to the 
standard Ebbw Vale “C” furnace of 20 ft. hearth 
diameter, with double-skip hoist, full McKee top, and 
improved contour. These will be given effect when the 
existing furnaces are due for relining. Three new stoves 
and additional ore bunkers have been installed and the 
Lodge-Cottrell electrostatic gas-cleaning plant extended. 
At the Redbourn works of this company the blast 
furnace practice has steadily improved during recent 
years; to facilitate still further economies in fuel 
consumption and operating costs, however, and to 
secure continuity of supplies of basic iron at an increased 
rate, a new blast furnace is nearing completion. It has a 
hearth diameter of 19 ft. and the Pohlig system of filling 
by bucket, which is being successfully employed on two 
existing 17 ft. diameter hearth furnaces, is being retained, 
but with inclined instead of vertical-horizontal hoist 
bridge. Arrangements for handling the raw materials 
anc of crushing and screening the ores and limestone have 
becn modernised and new service bunkers included. 
Much blast furnace progress has been effected at the 
various branches of The United Steel Companies, Ltd. 
It |; noteworthy, for instance, that No. 6 blast furnace at 
the North Works of Appleby-Frodingham Steel Co. has 
i relined entirely with carbon blocks from hearth to 
k-line. This is claimed to be the first furnace in the 
d to have an all-carbon lining. The furnace was 
vn-in in April last year and no comments on results 
vet available. The plant comprising the South Iron- 


ly, 1950 


works only went into operation in 1939. The blast fur- 
naces have a hearth diameter of 22 ft. and associated 
with them are crushing, screening, ore drying and ore 
bedding units, which prepare both local and Northampton 
ironstone for the North as well as the South [ronworks 
blast furnaces. The Robins-Messiter bedding system is 
used ; in addition there is a two-stand Dwight-Lloyd 
sintering plant. Both the ore drying and sintering 
facilities are being doubled. 

The contract for the supply of sinter plant to the 
Appleby-Frodingham Steel Co. is practically complete. 
Of McKee design the equipment comprises two 72 x 20 
in. Windbox sintering machines, four 46-ft. diameter 
rotary sinter coolers, and four 18 in. and two 26 in. pug 
mills. Each sintering machine will produce 1,000 tons 
of sinter per day and the coolers reduce the temperature 
of the sinter for convenient handling. 

To improve the efficiency of the blast furnaces of the 
Workington Iron & Steel Co., a Greenawalt sintering 
plant was installed during the war to deal with the fines 
of imported ores. The ultimate objective was to sinter 
the fines from the general run of ores, and an ore crushing 
and screening plant was erected in 1947. This, together 
with the installation of a limestone crushingand screening 
plant provided the means for the preparation of a 
graded burden, the maximum size of ore and stone being 
2} in. 

Four modern blast furnaces are installed at the Corby 
Works of Stewarts & Lloyds, Ltd., together with ore 
preparation plant, including three sinter plants. The ore 
preparation plant, which has only been in operation 
since 1948, has proved very beneficial to blast furnace 
operation. Northamptonshire ironstone is used exclu- 
sively, which is very variable in quality. In order to 
reduce this difficulty and produce a burden with self- 
fluxing characteristics, the ore-mixing plant installed is 
completed with crushing and screening units. The 
primary and secondary crushers reduce the ore to a 
maximum size of 2} in. and screening is carried out over 
a specially designed cascade of four grooved rolls. The 
McKee Iron & Steel Division has in hand a sintering 
plant comprising a 72 « 19 in. Windbox sintering 
machine with hearth layering equipment, including the 
building and conveyers. 

The project to construct a completely integrated plant 
in South Wales for the production of tinplate is the 

Continued on page 85 


“ip 
a 
pre 
4 
77 


Steelmaking Plant 
Developments 


Some Typical Examples 


The production of acid steel in this country has 
steadily declined, largely as the result of in- 
creasing scarcity of low phosphorus ores, this 
will increase the trend towards the use of 
electric furnaces for the higher grade steels. 
Open hearth furnaces have been inereased in 


size, but, at present, the marimum capacity 


appears to be 350 tons, and the trend towards 
the hot metal process is apparent, 
typical steelmaking furnaces associated with 
the industry's programme, are briefly noted. 


Some 


the pig iron into steel, the open-hearth furnace, 

the Bessemer converter and the electric are 
furnace. In these furnaces can be carried out the 
complex operations which refine the charge and control 
the content of carbon and other elements to make the 
quality and grade of steel desired. Each method 
adopted has its advantages and disadvantages, but the 
steels produced by each have their special fields of useful- 
ness. The products from these methods are generally 
known by the process adopted—i.e., open-hearth steel, 
Bessemer steel and electric steel. The crucible furnace 
and the high-frequency induction furnace are also used 
to produce particular types of steel, but these are prim- 
arily melting furnaces in which the composition of the 
charge corresponds closely with the composition of the 


Tio EE main types of plant are employed to convert 


steel produced. 
Open Hearth Furnaces. 

The general design of the open-hearth furnace, 
whether the acid or basic process is adopted, has 
remained static for many years, although minor modifica- 
tions, especially in port designs, have been made. For 
the acid process, however, the furnaces are usually 
of the fixed type, whereas those for operating the basie 
process may be either fixed or tilting types. The sizes 
vary considerably, the capacities ranging from 35 to 
350 tons. The trend is towards the adoption of larger 
units, but the smaller units have their advantages in the 
making of special steels, particularly those made by 
the acid process. In this latter process the charge is 
invariably cold, whereas with the basic process, either 
hot or cold charges are employed. In many fully 
integrated plants, where large quantities of molten pig 
iron are available. the hot metal process is generally 
employed, for which purpose tilting furnaces are fre- 
quently preferred, 

Many completely new melting shops have been con- 
structed as part of the modernisation plan of the industry 


Courtesy of Edgar Allen & Co., Ltd. 


A 12-ton top charge Efco-Heroult 3-phase arc furnace, 
hydraulically tilted and roof raised, using a single operat- 
ing cylinder (Efco patent). 


incorporating the most up-to-date developments in 


steelworks practice. Recent installations of plant by 
The Wellman Smith Owen Engineering Corporation, 
Ltd. include that laid down at the Scunthorpe Works of 
the United Steel Companies, Ltd., which commenced 
operations in 1947. The plant incorporates one 600-ton 
active metal mixer, two 300 /350-ton tilting furnaces, 
two 140-ton ladle cranes and two 4-ton ground-type 
furnace charging machines. Fired with mixed gas the 
furnaces are charged with 75°, hot metal and 25°, 
scrap, each furnace being capable of producing an 
average of 2,300 tons of steel per week. 

Another installation was recently completed at the 
Corby Works of Messrs. Stewarts & Lloyds, Ltd., and 
consists of two 110-ton fixed open-hearth furnaces fired 
with coke-oven gas or tar fuel oil or both. A feature of 
these modern furnaces is the ample capacity of the 
regenerators and flues necessary for fast working. The 
furnaces are charged by a 5-ton ground-type charger, 
while the ladles are handled by a 160-ton crane. Two 
cranes each of 35 tons capacity have been provided with 
magnets to handle scrap metal and also operate with 
special cradles to carry the loaded charging boxes. A 
15-ton E.O.T. service crane for general purposes has 
been installed in both the charging and teeming bays. 

The further new melting shop erected by Wellmans 
was completed this year at the Round Oak Steelworks, 
Ltd. Five producer gas-fired 90-ton fixed open-hearth 
furnaces were installed for working with cold metal 
charges. The handling equipment consists of two 150- 
ton ladle cranes, three 4-ton overhead revolving open- 
hearth furnace chargers, two 12-ton scrap bay cranes 
and two E.O.T. cranes each of 15 tons capacity tor 
general purposes. 

In each case the equipment has been specially designed 
to ensure maximum output and the three melting shovs 
rank amongst the most efficient plants to be installed. 

In addition to these complete plants, Wellmans have 
taken part in the modernising of existing melting sho °s, 
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The charging side of the open-hearth melting 
shop of the Appleby-Frodingham Steel Co., at 
Scunthorpe. 


an example being the reconstruction of the 
open-hearth department at the Clydesdale 
Works of Messrs. Stewarts & Lloyds, Ltd. 
Here, in the first instance, four new 60-ton 
open-hearth furnaces and two Wellman high 


ground fixed type open-hearth furnace 
charging machines each of 5 tons capacity 
were supplied. The entire steel output had 
to be of high quality as its subsequent pro- 
cessing was for steel tubes, thus design 
features of each furnace had to ensure satis- 
factory operational practice from a metallur- 
gical viewpoint. Rapid charging and melting 
and fast working furnaces were essential 
considerations, particular attention being 
paid to atmosphere control and economy in 
fuel consumption. Each furnace was designed 
to produce 1,300 tons of steel per week at a 
fuel consumption of 43-5 million B.T.U’s 
per ingot ton. 

Installations at present in hand comprise : 
some twenty ladle cranes ranging in capacities 
up to 250 tons ; open-hearth furnaces up to 
200 tons capacity ; 20 bottom fired soaking 
pits; 500-ton metal mixers; various batteries of 
Wellman-Galusha gas producers ; also auxiliary rolling 

ill equipment including continuous pickle lines, 
ecarburising lines and descaling equipment. 

The steelmaking plant at the Fell Works of The 

msett Iron Company has been modified. The 75-ton 

en-hearth furnaces have been altered to 150 tons 
pacity as they come out of service for rebuild. They 
ve not only been increased in size but the firing has 
en altered from producer gas to coke-oven gas and 
juid fuel. An inactive mixer by Head Wrightson & 

., Ltd. has been put into service ; it has a capacity of 

} 00 tons, hot metal is therefore available when the. 
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open-hearth furnaces are ready to be 
charged. 

Steel plant modifications have been carried 
out at Dorman Long & Co. ; at the Acklam 
Works, for instance, where there are three 
250-ton tilting furnaces and a 400-ton active 
mixer, the furnace structures have been 
completely rebuilt with solid slab buck- 
staves; the water-cooling system on these 
furnaces has been improved ; and generally 
the furnace life has shown marked improve- 
ment. At the Redcar Works eight of the 
ten original 85/90-ton open-hearth furnaces 
have been completely reconstructed to give 
increased bath area. 

At the works of John Baker & Bessemer, 
Ltd., a new building is housing a 60-ton 
open-hearth furnace which has been erected, 
complete with gas producer, crane and all 
ancillary equipment. The building com- 
prises two bays, each 252 ft. long which 
accommodates cranes having 60-ft. span. 
The furnace bay has two 20-ton Booth 
cranes and an Adamson charging machine ; 
the casting bay has a 20-ton crane and a 


Courtesy of The United Steel Companies, Ltd. 


Casting side showing two 300 /350 ton tilting furnaces at the Appleby- 


Frodingham Steel Co.’s Scunthorpe Works. 


100-ton ladle crane, both of which are by Joseph Booth 
& Bros., Ltd. The producer gas-fired 60-ton Venturi 
open-hearth furnace was designed by John Miles and 
Partners. Kent instruments have been installed to 
control the entire operation and provision made for 
measuring the bath temperature. 

Alterations to the steel plant of John Lysaght’s 
Scunthorpe Works includes the addition of one extra 
open-hearth furnace, the enlargement of three 65-ton 
furnaces to a capacity of 120 tons per furnace, and 
enlargement of the mixers. The existing pit-side 
structure with its span of 54 ft. 6 in. is being 
widened to 70 ft. 6 in. Four new 175-ton electric 
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overhead ladle cranes will take care of the 120-ton 
heats from the remodelled furnaces. 

A 600-ton inactive mixer, by Head Wrightson & Co., 
Ltd., has been installed in an extension to the north end 
of the existing melting shop building at the Skinnin- 
grove Iron Co., Ltd. Hot metal will be conveyed from 
the blast furnace in 60-ton ladles. The existing active 
mixer is reconstructed to form a 300-ton tilting furnace. 
Modifications are in progress on the gas producer plant 
and a new producer installed. Additional casting pit 
facilities are being provided and necessary equipment 
installed, including a new overhead ingot stripping 
erane by Sir William Arrol, Ltd., and the layout ad- 
justed for the increased production. 

Other installations in hand include a complete new 
steelmaking plant in process of construction at John 
Summers & Sons, Ltd., which will comprise eight 150- 
ton fixed open-hearth furnaces and two inactive hot 
metal mixers; an additional 120-ton open-hearth 
furnace, with the necessary extension to buildings, ete., 
at the Ebbw Vale section of Richard Thomas & Baldwins, 
Ltd.; and the new plant comprising five 100-ton 
Venturi-type open-hearth furnaces at Round Oak Steel 
Works, Ltd. 


Electric Arc Furnaces 

Electric are furnaces are also lined for making steel 
either by the acid or basic processes. They are finding 
increasing use in the making of special high-quality 
steels. Modern furnaces of this type have swing or 
removable roofs to facilitate charging and modifications 
have been made in the mechanism for controlling the 
electrodes ; inthe Efco-Heroult are furnaces, for instance, 


chains are now used to lift the electrodes, instead of 


wire ropes formerly used, and a patented free wheel is 
incorporated in the design to prevent breakage of the 


A 12-ton Birlec Lectromelt furnace. 


Courtesy of Richard Thomas & Baldwins, Ltd. 


A 20-ton Birlec Lectromelt furnace. 


electrodes should they “ bottom” on non-conducting 
material in the charge. The more recent installations of 
Birlee are furnaces also incorporate modifications to 
the electrode mechanism. These furnaces are fitted with 
‘* Amplidyne ” electrode control, a system of control 
which employs a separate amplidyne generator for each 
electrode winch motor and is driven by a common 
motor. The generator voltage is controlled by a special 
field winding which is fed from voltage and current 
components obtained from the corresponding are power 
circuit. This system provides smooth variation of 
winch motor speed from zero to maximum in each 
direction. A feature of this system is the inherent 
stability of control, in spite of the very high electrode 
speeds employed (up to three times as fast as hitherto) : 
the winch motor speed is reduced progressively as the 
electrode approaches a position corresponding to the 
desired pre-set power position. 

Electric are steelmaking furnaces are playing an 
increasingly important part in the development of the 
British steel industry, particularly in the production of 
high-grade steel castings, and successfu! installations 
include those at the works of Messrs. F. H. Lloyd & 
Co., Ltd. which consist of four Birlee furnaces, two of 
9 tons capacity and one each of 3 and 4 tons capacity ; 
the combined rating of these furnace totals 9.900 kVA. 
To supplement this capacity a further 2,000 kVA. 
34-ton furnace recently has been ordered. The larger 
Birlec Lectromelt furnaces are represented by a 6,000 
kVA. 20-ton furnace installed at the Panteg Works of 
Richard Thomas & Baldwins, Ltd. A further furnace 
of this size is in hand for Hadfields, Ltd. 

Mention has already been made of modifications 
incorporated in the Efco-Heroult are furnaces and recent 
installations include the mechanism for motor-operated 
electrodes for use with Efco-Rotodyne automatic control. 
Furnaces of this type recently completed are the 3,500 
kVA. 12-ton furnace for Messrs. Wm. Shaw & Co., Ltd. : 
two 1,200 kVA. 3-ton furnaces for Messrs. Blackett 
Hulton & Co., Ltd.; an 800 kVA. 24-ton furnace for 
Ley’s Malleable Castings Co., Ltd.; and an 800 kVA. 
14-ton furnace for Newton Chambers & Co., Ltd. The 
larger of these furnaces are top charged, the roof being 
raised and the furnace tilted hydraulically, using the 
Efco patent single-operating cylinder, and incorporating 
the Efco-Rotodyne automatic electrode control; the 
smaller furnaces are fixed-roof, nose-tilting types, 
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hydraulically operated, but having the same type of 
electrode control. 


High-Frequency Furnaces 
High-frequency furnaces are gradually displacing the 
crucible steel process and among units of this type 
mention may be made of a complete installation of 
Efco-Northrup furnaces of this type at Paramount 
Alloys, Ltd. The initial furnace, installed in 1927, is 


of 3 ewt. capacity and has the tilting gear above the 
platform ; this, together with a 5 ewt. furnace in course 
of erection, has the original control panel and capacitor 
switches. Two other furnaces, each of 10 ewt. capacity, 
have a later design control panel with capacitor switching 
incorporated. The two smaller furnaces are fed from a 


150 kW. generator, the 10 ewt. furnaces having one of 
300 kW. Another 150 kW. equipment with two furnaces 
of the same type, with capacities of 5 and 10 ewt., 
respectively, are installed at Messrs. William Cook 
(Sheffield), Ltd. These are connected through a change- 
over switch. 

The complete installation of three 3-ton and three 
l-ton capacity high-frequency furnaces forms part of the 
development scheme of The English Steel Corporation, 


An _ installation of 
four Efco-Northrup 
high frequency fur- 
naces. 


Courtesy of 
Paramount Alloys, Ltd. 


Ltd. In this installation two furnaces in each group 
‘an be worked simultaneously, melting at the rate of one 
heat every two hours and every hour for 3-ton and 1-ton 
furnaces, respectively, with an average output of 5 tons 
per hour. To service these furnaces banks of static 
condensers and twin 1,050 k. and twin 550 kW. genera- 
tors are installed in separate houses, together with the 
necessary subsidary equipment. 

In addition to open-hearth and electric furnace 
developments, the revival of the basic Bessemer process 
in this country is noteworthy; although only two 
British firms have adopted this process the steel pro- 
duced is being used successfully for specialised purposes, 
because of its low sulphur and phosphorus contents, and 
there seems to be every reason for its adoption being 
extended. Another recent development which is proving 
advantageous in the Bessemer process is the use of 
oxygen to enrich the blast. The main improvement so far 
is concerned with increased output, but with more 
experience in its use its wider application maybe 
expected. It is noteworthy also that successful results 
have been obtained from the use of oxygen in electric 
are furnaces, and is being regularly applied at the 
Brymbo Steelworks, Ltd. and at Edgar Allen & Co., Ltd. 


Oxygen lancing operation at the beginning and in progress at Edgar Allen & Co. 
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Soaking Pits 
and Re-heating 
Furnaces 


The modernisation re- 
equipment of the iron and 
steel industry has involved 
considerable modifications 
and additions to existing 
soaking pits and re-heating 
furnaces for subsequent rol- 
ling and forging operations. 
Many schemes have been com- 
pleted and are contributing 
to the high outputs now being 
achieved, others are in course 
of construction. Some typical 
examples are given. 


Courtesy of Priest Furnaces, Ltd, 


An ingot preheating furnace, fired by blast furnace gas, installed at the Acklam 
Works of Dorman Long & Co., Ltd. It is a continuous bogie furnace designed 
for a minimum of 2,000 tons of ingots per week of 120 hours, heated from cold 


to 1250 C. in 6 hours for a fuel consumption of 15 therms /ton. 


“THE ingots produced in the casting shop of the steel- 

works, when sufficiently solid, are usually stripped 
from their moulds and transferred to soaking pits, 
where they attain a suitable temperature for subsequent 
rolling. As a rule the ingots are transferred to the pits 
while they are hot, rarely are they allowed to cool in the 
interval since the heating of cold ingots not only needs 
yreater care in reaching the required rolling temperature, 
but it is more costly in time and fuel. This does not 
mean that no particular care need be exercised in dealing 
with the hot ingots in the soaking pit. 

When the hot ingot is transferred to the soaking pit 
the chilling effect on them and the cooling by air during 
its transfer produces a temperature gradient, the 
temperature being higher at the centre than near the 
skin. The object of the soaking pit is to produce a 
uniform temperature throughout the ingot and to 
maintain it at the most suitable temperature for breaking 
down either in the cogging mill or the blooming mill 
without overheating. Obviously the capacity of soaking 
pits and their design must be such as to deal with the 
output of the steel furnaces and meet the needs of the 
mill, whether the ingots are to be converted into slabs 
or blooms. 

In addition to soaking pits the various development 
schemes include large continuous furnaces for dealing 
with blooms, billets and slabs, for subsequent conversion 
into the various forms in which steel is supplied to the 
different industries. Of the designs of modern soaking 
pits the reversing type is very effective in maintaining a 
uniform temperature. They are designed with air 
regenerators and gas recuperator and are fired by clean 
gas. This type is especially useful when blast-furnace 
gas is available. These pits are invariably fully auto- 
matic regarding control of gas-reversing valves and 
temperature. A typical example of this is that designed 
and built by Priest Furnaces, Ltd., shown in the accom- 
panying illustration. 

The soaking p.t installation at John Lysaght’s consists 
of 12 cells arranged in batteries of four. Each cell is 
25 ft. long by 7 ft. 6 in. wide by 10 ft. 3 in. deep, and is 


fired by mixed gas with preheated air. Some idea of the 
importance of the installation can be gathered from the 
fact that over 1,200 tons of steel and 24 million bricks 
have been used in its construction. The output of 
10,000 tons of ingots heated per week which can be 
obtained by this plant is very large for the area occupied 
under the cranes—i.e., 8,300 sq. ft., and can only be 
achieved by the one-way fired type of pit. The pits 
are fully automatic, having combustion ratio, tempera- 
ture, and pressure under instrument control. The 
instrument houses, of which there is one for each of the 
three batteries, are about 40 ft. long and include con- 
trolling and recording instruments. A special feature of 
the plant is that the operation of the lids is under control 
of the crane man, so that they are opened exactly when 
and to the extent required. As the crane moves away 
from the particular lid, the lid automatically closes. 
There are additional controls from the platform to 
enable the heater to operate the lids if required, and to 
allow him to open the lid a little at the control end to 
observe the flame and the condition of the ingots. 

A smaller battery of similar sized pits being con- 
structed at Round Oak Steel Works is of special interest 
because of the difficult site. The three cells, with their 
recuperators, have been arranged within a space only 
85 ft. by 50 ft. No other type of pit would have given 
the same heating capacity in the space available. These 
pits, which are fired with raw producer gas, are fully 
instrumented, having combustion ratio, temperature, and 
pit pressure control. 

Four new oil-fired soaking pits which were included in 
the programme of John Summers & Sons, Ltd. were com- 
pleted three years ago by Salem Engineering Co., Ltd. 
to the Company’s own design, the first of these went 
into service at that time and the remaining three were 
put into production later. These units gave an addi- 
tional heating capacity of about 2,500 tons of ingots per 
week, 

The slab reheating furnaces being built by Stein & 
Atkinson, Ltd. at Abbey Works for the Steel Company of 
Wales, and which are scheduled to come into production 
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Abattery of 16 one-way fired soaking 
pits by Stein & Atkinson, Ltd., 
showing the lid mechanism and 
control houses. 


at the beginning of 1951, are the 
largest in Europe and the second 
largest in the world. They are 20 ft. 
wide by 88 ft. long, and each will 
have an output of up to 100 tons per 
hour of slabs up to 8} in. thick and 
up to 6 ft. wide by 18 ft. long, heated 
for rolling in the continuous strip 
mill. These furnaces are oil and coke- 
oven gas fired and each has a burner 
capacity of up to 200,000,000 
B.Th.U. per hour. The furnaces are 
of the “ Rust” Triple-Fired type 
and have two heating zones and a 
soaking zone. All zones are auto- 
matically controlled as regards com- 


used, their size varying according to 
requirements. The bogies are of 
special construction, with curb cast- 
ings of heat-resisting iron, graphite- 
studded bearings, and lined with 
successive courses of insulation, first 
quality refractory and basic material. 
The bogies may be propelled through 
the furnace by an electric pusher or 
equivalent means. Among the many 
installations of these are the slab- 
heating bogie-type furnaces built for 
Appleby-Frodingham Steel Co., Ltd., 
for which each furnace accommodates 
11 bogies, each capable of carrying 
a load of 21 tons of slabs. The 
furnace is divided into two heating 
zones of equal length, each taking 
five bogies. At the charging end, 
there is sufficient length to accom- 
modate the eleventh bogie, but in 
this section there are no gas ports. 
The gas and air for combustion enter 
the furnace through small ports 


a 


Courtesy of Priest Furnaces, Ltg. 


bustion ratio and temperature, and Gas-fired soaking pits of the reversing type with air regenerators and gas 


the whole is controlled for pressure. 
The air for combustion is preheated 
in “Stein” refractory recuperators. Further heat 
recovery is obtained by the use of waste heat boilers, 
which raise more than enough steam to cover the 
atomisation requirements of the burners. The excess 
steam is fed into the common steam main for the rest 
of the works. 

A continuous bogie-type furnace, designed and 
introduced by Priest Furnaces, Ltd., Middlesbrough, 
has been widely adopted at many steelworks for heating 
ingots and slabs. This type of furnace consists of a long 
tunne!, steel cased and lined with firebrick. Gas in some 
instances is applied for about half the length through 
side ports, the products of combustion travelling along 
the furnace to be exhausted through one of two sets of 
vertic 1 ports located towards the charging end. Alter- 
nativ: |y gas may be supplied from ports along one side 
of th furnace, the products escaping through similar 
ports it the opposite side. Bogies carry the material 
throu h the furnace, in some cases as many as 21 being 
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recuperative system. 


along each side, level with the top surfaces of the bogies. 


The gas and air to each port are controlled independently, 
the ports themselves being set to direct the flame verti- 
cally. The furnace is of the reversing type, with air 
regenerating checkers arranged at each side. Combustion 
takes place along one side of the furnace, the waste 
gases passing across the roof and leaving by way of the 
ports on the opposite side, through the checkers, and 
finally the exhaust fan. Automatic reversal, in addition 
to separate and independent automatic control of 
temperature, is provided for each zone. 

A furnace of the continuous bogie-type designed to 
deliver ingots at rolling temperature has been installed 
by Guest Keen Baldwins Iron and Steel Co., Ltd., at 
their Port Talbot works. Some of the ingots are charged 
with pre-heat, the remainder being cold. The system is 
similar to two ingot pre-heaters installed at Appleby 
using cleaned gas and employing the counter flow 
principle, when the sensible heat in the products of 
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combustion, in their passage along the furnace, pre-heats 
incoming cold stock. In this case, the higher temperature 
required is obtained by mixing a small proportion of 
coke-oven gas with blast-furnace gas, the resultant 
mixture containing 160 B.Th.U. per cu. ft. The furnace 
accommodates 14 bogies 9 ft. sq., and when loaded with 
3-ton ingots, is capable of heating at the rate of 20 tons 
per hour from cold to rolling temperature, the through- 
put being correspondingly increased when charging 
pre-heated ingots. Working on cold stock, the fuel 
consumption does not exceed 2 x 10° B.Th.U. per ton. 
In later proposals, a gas heater has been included in 
addition to the usual air heater, which greatly increases 
furnace efficiency; in this particular instance, the 
quantity of coke-oven gas can be reduced and made 
available for other purposes. 

Four separate units of this type of furnace have been 
supplied to Stewarts and Lloyds, Ltd., for their Clydes- 
dale, Calder, Bromford and Newport works, respectively. 
The furnaces for Clydesdale, Calder and Newport are 
arranged to operate on crude producer gas, which at the 
two last named is supplied by producers designed by 
Priest Furnaces, Ltd. At Clydesdale, two Morgan gas 
machines are installed. The firing arrangements are 
such that gas is applied through ports arranged along both 
sides for about half the length of the furnace, the 
products of combustion travelling towards the charging 
end and exhausting through vertical ports. The Brom- 
ford furnace uses Town’s gas. 

At the Stocksbridge works of Samuel Fox & Co., Ltd., 
a second larger bogie type continuous ingot heating 
furnace with a capacity of 15 tons per hour has been 
installed in their billet mill, where a similar unit ot 10 
tons per hour capacity has been in operation for the past 
six years. Both furnaces are specially designed for 
re-heating a large variety of alloy steel ingots, the more 
recent installation possessing many improvements over 
the first furnace. A continuous bogie furnace has 
recently been completed at the Acklam works of Dorman, 


Courtesy of Stein & Atkinson, Ltd. 


Long & Co., Ltd. It is an ingot pre-heating furna e 
fired by blast-furnace gas, and constructed for a mit i- 
mum output of 2,000 tons of ingots per week of 120 hours, 
heated from cold to 900°C. There are 18 bogies in tle 
furnace, each 6 ft. 9 in. long by 6 ft. 6 in. wide, designed 
to carry five 45-cwt. ingots. 

In the new heavy forge, to be put into operation it 
Hadfields early next year, are included nine bogie- 
hearth furnaces, with a hearth area of 920 sq. ft., and 
five fixed hearth furnaces of 450 sq. ft. hearth area. 
They will be fired by cleaned producer gas and auto- 
matically controlled at pre-selected temperatures up 
to the maximum working temperature of 1,350° C, 
Three re-circulating type heat-treatment furnaces, with 
a temperature range from 100°—750° C., having a hearth 
area of 630 sq. ft., are being installed, as also are six 
bogie-hearth type furnaces with a total hearth area of 
2,175 sq. ft., designed for a maximum temperature of 
1,250° C. 

An interesting side-light on the re-equipment of the 
steel industry is the conversion of a battery of 11 sheet 
annealing furnaces at John Summers & Sons, Ltd. from 
raw producer gas firing, with the sheets in heavy boxes, 
to clean anthracite gas firing by the “ Rust ” method 
and permitting the use of light sheet covers filled with 
an inert atmosphere. The furnaces were rebuilt and 
were increased in length from 19 ft. 3 in. to 25 ft. Heating 
is done by numerous burners along each side of the 
furnace at about hearth level. The burners are grouped 
into six zones along each side of the furnace. The trays 
carrying the sheets are raised off the furnace hearth and 
are supported on balls and rollers; bottom heating is 
thus secured. The quality of anneal and surface are 
right in line with results from lifting cover-type furnaces, 
and the output, size for size, is actually higher, with a 
remarkably close temperature limit. A noteworthy 
feature is the ease and simplicity of control, the consist- 
ently good results being achieved with manual operation 
of the furnaces. 

The original annealing plant at 
the above works, which was sited in 
No. 2 bay, was transferred to the 
new building near the end of 1947. 
It comprised 15 Lee-Wilson parabolic 
tube-type portable cover annealing 
furnaces with 55 bases. Subse- 
quently a new annealing plant by 
Incandescent Heat Co., Ltd. was 
installed. This comprised semi- 
direct radiant-tube-fired portable- 
type furnaces, with 37 _ bases. 
arranged for sheet or coil annealing. 

Associated with the new mill for 
the production of locomotive wheels 
recently installed at the works 0! 
Steel Peech & Tozer is a complete 
plant for heating the blanks for 
pressing, reheating the pressings 
before transferring them to the 
rolling mill and then the coning 
press, and tempering. The maximum 
weight of blank involved is approxi- 
mately 1,350 Ib., which makes 4 
wheel up to 48 in. diameter. 

This plant consists of a continuous 
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A battery of 11 sheet annealing furnaces at John Summers & Sons, Ltd bogie-ty pe furnace 120 ft. 0 in. long 


which have been converted from raw producer gas firing to clean anthracite 


gas firing by the Rust method. 


accommodating 15 bogies each 
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Courtesy of Steel Peech & Tozer of The United Steel Companies, Ltd. 
Continuous bogie type furnace, batch type furnace, and 
tempering furnace, designed and built by G. P. Wincott, 
Ltd., for heating steel blocks, re-heating rough pressed 
forgings, and tempering, respectively, the finished loco- 
motive wheel forgings. 


8ft. 0 in. long by 7 ft. 3 in. wide. An electrically-driven 
pusher moves the bogies through the furnace and operates 
in conjunction with a fully automatic electrical haulage 
mechanism for the transfer of bogie cars from discharge 
to charging end along an external return track. The 
combustion air is preheated by two needle recuperators. 
Output per hour is 12 tons of blocks uniformly heated 
from cold to 1,250°C. The furnace is arranged for side 
discharge and has a hydraulically-operated discharge 
door. A mechanical manipulator transfers the blocks 
from t he furnace to a press for rough pressing into wheels. 
After oressing the wheels are reheated in a batch-type 


furnac 31 ft. 0 in. wide and 5 ft. 4 in. deep. It has five 
indep: idently operated hydraulically-lifted doors and is 
capab » of heating 30 wheels per hour from 1,100°- 
1,250 >. From this furnace the wheels are mechanically 
transi red to the rolling mill and then the coning press. 

Wh 1 cool those wheels requiring heat treatment are 
taken > the heat-treatment department where a moving 
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hearth-type furnace is used for the heat treatment of 
the wheels. This furnace is 49 ft. 0 in. long and 4 ft. 
9 in. wide. The moving hearth is carried on a series of 
lifting units connected by push-pull rods and the cycle 
of lifting, charging, lowering and return is hydraulically 
operated and completely automatic even to the lifting 
and lowering of charging and discharge doors. The 
discharged wheel is water sprayed and then passed to 
the tempering furnace, which is a vertical cylindrical 
furnace having internal diameter of 6 ft. and giving 
an output of 12 wheels per hour. This furnace is fitted 
with automatic temperature control. 

All the furnaces in this plant are fired by coke-oven 
gas and are fully instrumented with gas-flow meters, 
temperature recorders and controllers, ete. The new 
furnaces, which were designed and built by G. P. 
Wincott, Ltd., were installed alongside existing ones 
and in the change-over period little or no working time 
was lost. 


Blast Furnace and Ore Plant 
Continued from page 77 


largest single contribution planned, the estimated output 
of which will be 20,000 tons per week of steel strip and 
plate. To give effect to this scheme the blast furnaces at 
Margam Steelworks are being reconstructed and en- 
larged to enable a weekly output of 19,000 tons of pig 
iron. One of the furnaces having a hearth diameter of 
25 ft. 9 in. is nearing completion, as are also the stoves, 
and a new pig casting machine has been in operation 
about a year. Work on the raw materials handling plant 
is proceeding. The gas-cleaning plant is being extended 
by an additional four units and these are practically 
complete. 

A complete blast furnace plant is being laid out for 
John Summers & Sons, Ltd., which will eventually 
comprise two units each having a hearth diameter of 
27 ft. At present work is proceeding on one of these 
furnaces, which is anticipated to have an output of the 
order of 1,000 tons of iron per day. The contract for this 
furnace together with ore preparation plant has been 
placed with the McKee Iron & Steel Division of Head 
Wrightson & Co., Ltd., which covers the design, purchase 
and setting to work of a complete plant comprising the 
27 ft. hearth diameter blast furnace ; stoves of 22 ft. 6 in. 
diameter and 110 ft. high; dry and wet gas-cleaning 
plant incorporating electrostatic precipitators ; pump 
house and pumps; east house and hoist house ; stock 
house and equipment; ore storage yard; slag pits; 
rail track ; gasholder ; and subsidiary equipment. 

The total value of the equipment to be handled by the 
Division is approximately £34 million. Part of the work 
has been placed with the fabricating divisions of Head 
Wrightson; this includes a sintering machine and 
sinter cooler, blast furnace, two 50-ton transfer cars, 
two 500 cu. ft. scale cars and ten 75-ton hot metal ladles 
and eight carriages. This plant is expected to go into 
operation about March, 1952. Provision, however, will 
be made for the second blast furnace to be installed later. 

To ensure high output from blast furnaces smoothness 
of working is of primary importance and this depends 
largely on the distribution and condition of the charge. 
It is for this reason that particular attention is being 
given to ore preparation, but the quality and grading of 
coke used is not less important in maintaining high rates 
of output with low fuel consumption, and instrumental 
control is also an important feature in modern practice. 
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and S. Lees & Co. Ltd. 


Courtesy of J.B 


A 4-high Robertson reversing strip mill for cold rolling 
mild and alloy steel strip up to 14 in. wide. 


LTHOUGH there has been much progress in the 
accumulation of knowledge concerning the effects 
of rolling, the actual operation of rolling steel is. still 
largely an art in which experience plays a valuable part, 
but for some years increasing attention has been given 
to the development of plant likely 
to assist in producing higher grade . aay 
material with better finish and finer 
tolerance. For obvious reasons these 
improved qualities were also con- 
cerned with higher outputs and 
lower costs. 

The most outstanding change to 
meet these requirements has been 
the adoption of single purpose mills. 
The continuous wire rod mill at the 
Irlam Works of The Lancashire 
Steel Corporation,  Ltd.. was 
probably the first mill of this type ; 
initially two strands of rod were 
rolled simultaneously, producing at 
the rate of 20 tons an hour, but four 
strands are now rolled in parallel 
through the same stands at the rate 
of 40 tons an hour. Similar wire rod 
mills have been installed at other 
works, such as Guest Keen and 
Nettlefolds, Richard 
Johnson and Nephew, Ltd. Several 
continuous billet mills are in opera- 
tion, one is under construction and 
additional mills are contemplated. 


36 


A 19 in. Morgan continuous billet and sheet bar mill 
installed in the Normanby Park Works of John Lysaght’s Scunthorpe Works, 
Ltd. In the left foreground is shown the patent Morgan electric flying billet 


The great scheme of Stewart and Lloyds, Ltd., at Corb, 
is based largely on continuous operation ; the continuo: s 
billet and slab mill, a semi-continuous medium str p 
mill, and a fully continuous narrow strip mill, ae 
operating successfully. This development 
further emphasised by the new continuous hot strip 
mill and continuous cold reduction mills at Ebbw Vale 
and by the more recent installation of a semi-continuous 
hot strip mill at Shotton. With all mills, however, 
whether continuous or otherwise, the trend is toward 
electric drives with higher speeds and greater power 
reserve, 

In order to meet the requirements of the iron and 
steel industry’s reconstruction scheme considerable 


Rolling Mills and Presses 


Some Plant Recently Completed or 
under Construction 


extensions have been carried out by plant and equip- 
ment manufacturers to increase facilities for designing 
and building the increased size of plant developments 
have involved. For instance, the Davy-United Group 
has carried out a balanced programme of expansion and 
re-equipment at a cost of £1} million. Even so, this 
firm and others, who prepared for the expected demand, 
have been and still are fully extended to meet the 
heavy needs of the industry. Although it is not 
possible to refer here to all mills completed or building, 
mention of a few will indicate the considerable contribu- 
tion mill designers and builders are making to enable 
the industry to achieve its targets. 

Under the Appleby-Frodingham Steel Company's 
major reconstruction scheme a 42 in. by 8 ft. Davy- 
United reversing blooming mill went into service in 
mid-1948. This mill rolls ingots up to 6 tons in weight 
down to blooms for structural purposes, it was supplied 


built by Davy- United and 
shear in action. 
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complete with ingot car, bloom shear, roller gear and all 
accessory equipment. Major modifications were also 
made to the existing section mills to adapt them for 
working in conjunction with the new blooming mill. 
With auxiliary equipment, this involved some 2,500 
tons of machinery. At the Normanby Park Works of 
John Lysaght, Ltd., has recently been built up a 42 in. 
by 8 ft. 6 in. Davy-United reverse blooming mill and a 
19 in. Morgan 6-stand continuous billet and sheet bar 
mill designed to work in conjunction with it. Along 
with other auxiliary machinery Davy-United have also 
supplied a 700-ton 12 in. by 12 in. electrically driven 
bloom shear. 

Due to go into production shortly at Round Oak Steel 
Works, Ltd., is a 37 in. by 8 ft. 3 in. Davy-United 
blooming mill, which is equipped to handle 3} to 4 ton 
ingots. Included in the auxiliary equipment supplied 
with the mill were roller tables, skid gear, bloom bank, 
and a 700-ton 12 in. by 14 in. steam hydraulic down-and- 
up-cut hot bloom shearer complete with stop measuring 
gear. Now in process of installation at the Shotton 
Works of John Summers and Sons, Ltd., is a 42 in. 
Davy-United reversing slabbing mill and 900 tons slab 
shear. This slabbing mill will be capable of rolling 
ingots up to 15 tons and will be able to provide slabs of 
the maximum width for the 80 in. strip mill. Its 
ultimate output is expected to be about 20,000 tons a 
week, 

A Morgan 23-stand continuous merchant and rod 
mill plant, built by Davy-United to Morgan Construction 
Company’s designs, will shortly go into production at 
the Cardiff Works of Guest Keen and Nettlefolds, Ltd. 
Rolling double strand at speeds up to 5,000 ft./min. it 
will be the fastest mill of its type in the world, producing 
all sizes of rods from 5 gauge up to 3 in. dia. and coiled 
bars up to | in. dia. 

Several mills for rolling stainless and other alloy 
sheet and strip have been installed or are being built. 
Samuel Osborn & Co., Ltd., have installed a Robertson 
+high non-reversing cold sheet mill designed for rolling 
stainless steel sheets up to 50 in. wide. A similar mill 
isnow being made into a reversing strip mill for stainless 


Exi end of the 80 in. reversing mill at John Summers & Sons_Ltd. 
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Showing the completed 37 in. by 8 ft. 3 in. blooming mill 
for Round Oak Steel Works, Ltd., by Davy- United. 


A 42 in. Davy-United reversing slabbing mill 
and 900 ton slab shear for the Shotton Works 
of John Summers. 


steel and silicon steel strip up to 40 in. wide 
for the Panteg Works of Richard Thomas 
and Baldwins, Ltd. This work, which is 
being carried out by W. H. A. Robertson & 
Co., Ltd., includes a cone decoiler with 
hydraulically expanding cones, drag genera- 
tors for back tension, a roller flattener and 
26 in. collapsible coilers. If is designed for 
reducing strip from 0-160 in. to 0-014 in. 
thick up to a maximum width of 49} in. and 
produce a coil up to 10 tons. 

New rolling plant for the Shepcote Lane 
Works of Firth Vickers Stainless Steels, Ltd. 
and Samuel Fox & Co., Ltd., includes a 
4-high reversing type strip mill by W. H. A. 
Robertson & Co., Ltd. It has 17 in. dia. 
working rolls with backing rolls 49 in. dia. 
This mill, which is designed for reducing 
40 in. wide strip from 0-140 in. to 0-020 in., 
is equipped with cone decoiler, flattener, 
solid drum coilers on each side with hydraulic 
retractable outer bearing for coil removal, 
and with flying micrometers on each side. 
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one for sheet and one for strip—for The Steel Compan ; 
of Wales, Ltd. ; two 4-high reversing strip mills for J... 
Habershon & Sons, Ltd., both of which will be drive 1 
by Vickers Armstrong V.8.G. hydraulic gear; six 
4-high reversing mills, mainly for razor blade stock, fcr 
Samuel Fox & Co., Ltd., and two similar mills for Ste«l 
Peech & Tozer, Ltd. 

A cross country mill by The Head Wrightson Machine 
Co., Ltd., is being installed on the low level site of the 
Brierley Hill Works, Round Oak Steelworks, Ltd. It 
is designed for a wide range of sections, the largest 
round being 4} in. dia. and the smallest } in. dia. 

A useful contribution to recent progress is the light 
section mill installed at the Darlington and Simpson 
Rolling Mills, Ltd. Designed and built by The 


Courtesy of Round Oak Steelworks, Ltd. 


Four 16 in. 2-high mill pinion housings 
forming part of a cross country mill, designed 
and built by The Head Wrightson Machine 
Co., Ltd., for the rolling of special sections. 


A four stand 2-high 14 in. hot merchant 
mill has been installed at the Sheffield Forge 
and Rolling Mill Co., Ltd. Designed and 
built by W. H. A. Robertson & Co., Ltd., 
this mill, which is a single speed non- 
reversing type for hot rolling a variety of 
steel sections, incorporates several special 
features including the Tanway system of 
centralised oil lubrication of the roll neck 
bearings, an arrangement for the fine adjust- 
ment of the bottom rolls, and a water channel 
to facilitate scale removal. 

Among further mills by W. H. A. 


Robertson & Co., Ltd., is a 4-high reversing 
strip mill for cold rolling mild and alloy steel An 18 in. by 21 in. cold equalising mill for the tube making plant 
uD for B 1 Stewarts & Lloyds, Ltd., erected in the Glasgow Works of the 

& Co., Ltd.; two skin pass 2-high mills— 


Courtesy of Thos, Firth & John Brown, Ltd. Courtesy of Darlington & Simpson Rolling Mills, Lid. 


A 28 in. reversing blooming mill, designed and built by the A 16 in. 2-high mechanised roughing mill, 
Brightside Foundry & Engineering Co., Ltd., for the production of _ by the Brightside Foundry & Engineering Co., 
slabs and billets in a wide range of alloy steels, Ltd., for rolling light sections. 
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Br ghtside Foundry & Engineering Co., Ltd. 
this plant comprises a 16 in. 2-high mecha- 
nised roughing mill with a three-stand 
12 in. intermediate finishing train and two 
single stand 12 in. finishing mills. This 
firm also designed and built a 28 in. by 
84 in. reversing blooming mill recently 
installed at Thomas Firth & John Brown, 
Ltd., for the production of a wide range of 
alloy steel blooms, billets and slabs, and 
among a range of mills in hand is a 17-stand 
fully continuous bar mill, completed with 
cooling bank and coilers, for the production 
of precision hot rolled bars in straight 
lengths or coils. This plant embodies 
alternate vertical and horizontal roll stands. 
Under construction also is a 34 in. blooming 
mill, complete with travelling tilting ingot 
chariot, working and run-out tables, 


Loewy billet shear with shear gauge at the Acklam Works of 


Dorman Long & Co., Ltd. 


Courtes of the Workington Iron & Steel Co., of The United Steel Companies, Ltd. 


A he vy roller straightener by The Loewy Engineering 
+ td., for rails up to 120 Ilb./yard and equivalent 


Courtesy of Sheffield Forge & Rolling Mills Co., Ltd. 


A 14 in. 2-high four stand merchant mill, 
designed and built by W. H. A. Robertson & 
Co., Ltd., for hot rolling a variety of steel 
sections. 
together with hot cropping and dividing shears. 
A feature of this mill will be the full guard 
manipulators designed with small bloom mani- 
pulating facilities. 

The Loewy Engineering Co., Ltd., have in 
hand a continuous sheet bar and billet mill for 
installation at the works of The Llanelly Steel 
Co. (1907), Ltd. It is designed to produce 
billets of from 2 in. to 3 in. square as well as 
sheet bars, and the contract includes the 
complete installation with flying shear, cooling 
beds, and specially equipped shears for sheet 
bars. Included in the rolling mill equipment 
recently supplied by this firm are a billet shear 
of the down-cut type, capable of shearing hot 
billets and sheet bars with high efficiency, for 
Dorman Long & Co., Ltd.; and a heavy roller 
straightener for rails up to 120 lb./yard and 
equivalent sections, equipped with roller bearing 
throughout and built-in gearing for twin motor 
drive. This machine, which has been installed at the 
Workington Iron & Steel Co. branch of The United 
Steel Companies, Ltd., embodies seven straightening 
rollers having a pitch of 50 in., the four top ones being 
driven in pairs by two motors, the three bottom rollers 
housed in cast steel carriers adjustable in height by 
means of independently driven operated screw gears 


for each roller. Forging Presses 


An important development is the work in progress for 
the heavy forge at the East Heela Works of Hadfields, 
Ltd., this includes 2,700 ton and 1,500 ton forging 
presses, together with an air hydraulic accumulator 
station with attendant pumps, etc. The design and 
supply of the whole of this equipment are being carried 
out by The Loewy Engineering Co., Ltd., and the 
presses, which incorporate many novel features, are 
designed for particularly high speed working and 
flexibility. This press shop at Hadfields, Ltd., is the 
first to be put down in this country for many years and 
will, when completed, be the most modern of its kind. 

The development plans of Steel Peech & Tozer, 
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Courtesy of The United Steel Companies, Ltd. 


A 6,000 ton Davy-United wheel forging press installed 
at the Ickles Works of Steel Peech & Tozer. 


Artist’s impression of the 2,700 ton and 1,500 ton forging 

presses which the Loewy Engineering Co., Ltd., is 

designing and supplying for the heavy forge at Hadfields, 
Ltd. 


branch of The United Steel Companies, have included 
the installation of an entirely new plant for the produce- 
tion of railway type wheels, consisting of a 6,000 tons 
Davy-United wheel forging press, supported by a Davy- 
United electrically driven wheel rolling mill of modern 
design. The wheel forging press forges solid wheel 
blanks ready for rolling and dishing from 1,400 Ib, 
cheese ingots in five operations. It has a single main 
cylinder with a ram 55 in. dia. and has a stroke of 4 ft. 
6 in., the column centres being 11 ft. by 5 ft. 6 in. 
Hydraulic pressure is supplied from a pump and accumu- 
lator service with hydraulic intensifier. Complete 
auxiliary gear is incorporated. 


Refractories in the Iron and Steel 
Industry 


The foregoing brief account gives an outline of some of 
the more recent major plant developments in the iron and 
steel industry, forming part of the industry’s develop- 
ment plan. The object has been to show how plant 
designers and builders have and are contributing to 
progress. It is appreciated, however, that, while plant 
and machinery for making iron and steel and for their 
conversion into marketable forms are contributing 
successfully to the increased production sought, the 
high degree of achievement so far obtained is due, in no 
small measure, to the efforts made by manufacturers of 
refractories to improve their products. In this field 
there has been steady advances ; in some sections out- 
standing developments have taken place, particularly in 
connection with the all-basic steelmaking furnace and 
with the use of carbon blocks in the blast furnace. It 
had been hoped to deal with these in the present issue, 
but pressure on available literary pages forces us to hold 
the matter for publication in our August issue. 
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THE Eritish Cast Iron Research Asso- 
ciation has now been in existence for 
over twenty-five years, and during that 
time the scope of its activities has increas- 
ed enormously. In 1942, the Association 
took over Bordesley Hall, some twelve 
miles from Birmingham, and the official 
opening took place in the following year. 
The site comprises an area of fifteen acres 
and thus adequate space for extension is 
available. Since the transfer of the 
laboratories from Birmingham, several 
new buildings have been erected, and on 
the occasion of Members’ Day, July 5th, 
1950, the most recent additions to the 
premises were opened by the President 
of the Association, Mr. P. H. Wilson, 
0.B.E., M.I.Mech.E. These comprise a 
Machine and Instrument Shop for the 
preparation of test pieces and the con- 
struction of experimental equipment, a 
Mechanical Testing Laboratory and a 
Staff Dining Room which will meet the 
requirements of the increased staff. 

The activities of the Association fall broadly into three 
categories, Research, Development and _ Intelligence. 
At present the ground floor of the original building, 
Bordesley Hall, houses the Administration offices, 
Development Department and the Intelligence Depart- 
ment and Library, whilst the Metallographic and Physi- 
cal Metallurgy Laboratories and the Sands and Refrac- 
tories Laboratories occupy the first floor. The Chemical 


Research Section is also temporarily housed on this floor. 
It is intended ultimately to remove all laboratories to 
accommodation external to the Hall, which will be oceu- 
pied by administrative and other offices and the Intelli- 


gence Department and Library. An Experimental 
Melting Laboratory and Machine Shop were added early 
on, and a block constructed later contains the Spectro- 
graphic Laboratory, the Gases Laboratory, and the 
Mechanical Testing Laboratory together with apparatus 
for studying the graphitization of white and grey iron, 
gaseous decarburization, cavitation erosicn, creep, ete. 
The building formerly occupied by the Machine Shop 
will later be taken over by the Chemical Laboratory 
and an adjoining room will accommodate the Chemical 
Research Section. 

Of the new extensions the Machine and Instrument 
Shop has an area of some 2,250 sq. ft., and accommodates 
the following machines :—Brown & Sharpe Universal 
grinding machine; Jones & Shipman 18 in. x 6 in. 
hydraulie surface grinding machine ; Jones & Shipman 
Sin. x 16 in. cutter and tool grinding machine ; Adcock 
& Shipley high speed horizontal universal milling machine 
with vertical milling and slotting attachments; Rich- 
mond horizontal universal milling machine ; Wickman 
14 in. double-ended carbide tool grinding machine ; 
Mi ford 10 in. double-ended grinding machine ; Smart & 
Br wn, Model A, 4 in. precision lathe with taper turning 

chment ; Holbrook, Model C, 6 in. precision lathe 
1 taper and radius attachments: Ward 7 in. centre 
e; Lang 8 in. centre lathe; Alba 18 in. stroke 
ying machine; Rapidor 12 in. sawing machine ; 


A view of the new machine and instrument shop 


Archdale sensitive drilling machine ; Monmouth bench 
drilling machine ; Denham Super Six 7 in. centre lathe 
with taper turning attachment. An annexe to this shop, 
with an area of 350 sq. ft., serves as a sampling bay, the 
equipment comprising : 12 in. Rowland slitting machine 
with dust extractor ; Fortuna sawing machine ; Turner 
finishing machine ; Speedax sawing machine; Black & 
Decker and Beacon double-ended grinders ; Denbigh 
drilling machine; tool hardening furnace. 

The Mechanical Testing Laboratory is not yet ready 
for occupation, only a few machines having been installed 
to date. On completion the equipment, much of which is 
at present housed elsewhere, will include the following :— 
50-ton Avery Universal hydraulic single ram type 
testing machine for determining the properties of cast 
iron in tension at both high and low temperatures as well 
as at room temperature, and for transverse, compression 
and shear testing; 50-ton Avery Universal hydraulic 
double ram type testing machine for routine transverse, 
tension, compression and shear tests; 15-ton Denison 
beam type creep testing machine; Avery 120 ft. Ib. 
Izod impact testing machine which can be used for both 
0:45 in. and 0-798 in. diameter test pieces, both plain and 
notched ; 50 ft. lb. Charpy impact machine which can be 
adapted for tensile impact testing; Vickers diamond 
pyramid hardness testing machine (also fitted with 2 
mm. ball); Brinell, Rockwell and Howden hardness 
testers ; Cambridge torsional damping recorder ; small 
torsion testing machine for } in. diameter specimens ; 
ring testing machine for obtaining load /diametrical 
extension curve to breaking load on split piston rings ; 
Avery Wohler type fatigue testing machine ; apparatus 
constructed by the Association for comparing the thermal 
shock-resisting properties of various types of cast iron ; 
apparatus for thermal conductivity determination ; 
Kelvin double bridge for the determination of electrical 
conductivity ; dilatometric equipment ; ancillary equip- 
ment for mechanical testing at high and low tempera- 
tures ; various types of extensometers and strain gauges. 
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Tensile Tests at Elevated Temperatures 
on Forged D.T.D. 


3644 and R.R. 59 


By J. McKeown, D.Sc., F.I.M., M.I.Mech.E. 


(Communication from the British Non-Ferrous Metals Research Association) 


In this article the author presents the results of tensile tests, carried out at elevated 
temperatures, on forged bars of D.T.D.3644 and R.R.59, prepared from cast billets, with 


and without intermediate extrusion. 


Research Association was asked by a group of 
its members to carry out tensile tests at elevated 
temperatures on forged light alloy bars prepared from the 
cast billets with and without intermediate extrusion. The 
materials were supplied by the industry with a guarantee 
of analyses, and a testing programme was agreed between 


Sikes time ago, the British Non-Ferrous Metals 


the Association and the members concerned. The 
present report describes the materials tested, the 
programme of testing and the results obtained. It will 


be clear to the reader that it does not purport to do more 
than give the details and results of this specific series 
of tests. 
Materials 
The materials tested were :— 
(a) D.T.D.364a. Nominal Composition :— 
Cu 3-0-4-8°, 
Si 1-5°, max. 
Mg 1-0°,, max. 
Mn 1-2°,, max. 
Fe 1-0°, max. 
Al remainder. 
(b) R.R.59 (2L.42). Nominal Composition :— 
Cu 
Ni 0-5-1-5% 
Mg -2-1-8°, 
Fe 1-0-1-5°, 
Ti 0-2°, max. 
Si 1°3°, max. 
Al remainder. 
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BN Mark LMI 


Condition Annealed 


Klongen. 
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Redn. of U.T.8, 
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Mean Mean Mean 


ELEVATED TEMPERATURES ON 


FORGED FROM 
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In each case | in. sq. section forged bars were supplied : 
(i) forged from 5in. cast billets, and (ii) forged from 


3in. extruded stock: and in the two conditions 
‘annealed and heat-treated.” 
The heat treatments called for in the relevant 


specifications are as follows :— 

D.T.D.364a.—Solution treatment at 510° + 10°C., 
quenched in water or oil, then aged for the 
requisite period at 155° to 185° C. and quenched 
in water or cooled in air. 

R.R.59.—Solution treatment 2-3 hours at 520° to 
530° C., quenched in water, oil or air blast, then 
aged for 15-20 hours at 150° to 170°C. or 5-10 
hours at 200°C. and quenched in water or 
cooled in air. 

The materials were tested in the “annealed” and 
“heat treated ”’ conditions as supplied and, in addition, 
the “heat treated ’’ material was tested after being 
soaked for’ 50 hours at the test temperature. This 
soaking was carried out in a separate furnace and the 
specimens were allowed to cool in air to room tempera- 
ture before being transferred to the testing machine 
furnace, 


Method of Testing 

The specimens were machined from the square section 
bars to a diameter of 0-564 in. on a parallel length of 
2}in., the }?in. diameter ends being connected to the 
parallel length by fillets of 14 in. radius. The ends were 
screwed ? in. B.S.F. thread over a length of | in., giving 
a specimen with an overall length of 5} in. 

The tensile tests were carried out, in accordance with 
the requirements of B.S. 1094 : 1943, at temperatures of 
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Figs. |-3 refer to material forged directly from 5 in. cast billets ; Curves LMD relating to annealed material, LME to heat 
treated material, and LME.S to heat treated and ‘* soaked *’ material. 
Figs. 4-6 refer to material forged from 3 in. stock, extruded from cast billets; Curves LOQ relating to annealed 
material, LOV to heat treated material, and LOV.S to heat treated and ‘‘ soaked ’’ material. 


Figs. 1-6.—Tensile tests at elevated temperatures on D.T.D. 364A 


20°, 100°, 175°, 250°, 325° and 400°C. The heating-up Temperature measurements were made by thermo- 
period was one hour and the holding time at test couples attached to the specimen at the ends and at the 
temperature occupied a further hour before the pulling centre of the gauge length. These three couples enabled 


was commenced.t the temperature gradient along the gauge length to be 
+ The test results show that above temperatures of the order of 175° C. these measured. This gradient was less than 2°C. in the 


materials begin to soften. Naturally, therefore, longer time heating at such tests at 400° i and corresponding] , less at the lower 
temperatures results in a progressive decrease in U.T.S. till the point of full y 


softening may be reached. It is important to recognise, therefore, that the temperatures of testing. During the holding period of 


testing “d laid di B.S. 1094, indicates the stability of . . . 
one hour and during the actual testing time, the mean 


TABLE IL.—TENSILE TESTS AT ELEVATED TEMPERATURES ON D.T.D. 364A 
MATERIAL FORGED FROM 3-in. EXTRUDED STOCK 


BLN. 7 Mark LOV | LOV LOV.S 


| 
| Heat treated and soaked for 50 hours at 
Annealed Heat ‘Treated off tanh 


Condition 


Test urs. | Redn. of Ts, | EBlongn. % Redn. of | Elongn. % Redn. of 
Temp. °C. tons/sq.in. | on4dyA | Area % | sq. in. on aya Area % ‘in. on4ya Area % 
Mean | Mean | Mean | Mean Mean | Mean Mean Mean | Mean 
| 17-4 | 20 39 | 31-6 i9 | 25 
| 20 | 
16-3 21 Ww | law. | 2s | 29-4 Is 31 
16-4 20 1 29-2 | io 2y 29-6 19 32 
16-5 2 | 42 29-6 | 20 30 | 29-x 20 MM 
| 13-3 | 2s | 35 | 25-2 20 | 42 | 24-2 16 38 
13-2 28 26-0 22 | 12 24-8 16 36 
|} 13-2 2s 52 26-7 23 12 25-4 15 35 
th) | 83 | 12 | 7-9 | 32 “87 
7-2 | 17-7 15 7-7 33 
17-1 15 
| 7-4 |} 31 80 16-4 15 52 7-6 35 
| | 16-6 | 16 56 
4:3 | 40 ; 84 5-2 | M S4 | 3-7 92 
4-2 0 4 85 3-7 
4:2 39 1-7 16° 
| | 85 | 2-6 | ss 2-3 | 
2-5 | 85 91 45 | 88 2-3 
| 27 | 66 | 2-5 | 387 2-3 


® Denotes value ignored—e.g., in cases of cracking or double-necking 
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TENSILE TESTS AT ELEVATED TEMPERATURES ON R.R. 59 
MATERIAL FORGED FROM 5” CAsT BILLETS 


n 


Test UTS Elongn. %% 
‘Temp. ¢ toms sq. in. on4ya Area % tons /sq. in. 
Mean Mean Mean Mea 
14-7 2 33 | 25-6 
15 21 25 
223 | 25-4 
11-9 2s 22 
11-8 25 45 22-4 
6-0 7 | 61 17-9 
2-8 ws | | 7° 
268 ow | Fl 
17 | | 9 | 2: 
1-6 2-9 


temperature of the specimen was kept constant to + 1° C. 
by means of a thermostat which controlled the tem- 
perature of the furnace walls. 

The rate of movement of the testing machine head 
during the test was 0-3 to 0-4 in. per minute. 

In most cases, the tests were made in duplicate, but 
in a few cases, where agreement between the duplicate 


specimens was not good, additional tests were made. 


Results 

The results of the tests are given in Tables 1 to V, 

and they are also plotted in Figs. 1 to 15. 
MaTreriAL TO D.T.D.3644 

(a) Forged from 5 in. cast billets (Table I and Figs. 1, 
2? and 3).—The U.T.S. of the annealed material fell 
from about 14 tons sq. in. at 20°C. to about 2 tons 
sq. in. at 400° C., while that of the heat-treated material 
fell from about 32 tons sq. in. at 20° C. to about 2 tons 
sq. in, at 400°C. It is clear that the softening tem- 
perature of the heat-treated material lies near 175°C. 
The effect of soaking for 50 hours at the test temperature 
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LPA LPAS 


Heat treated and soaked for 50 hours at 


Heat Treated temperature of test 


Elongn. % U.T.S. Elongn. % Redn. of 


on iVA Area % tons /sq. in. } on iVA Area % 
Mean Mean ; Mean | Mean Mean 
15 14 | 
18 22 25-8 ; 
17 23 25-7 17 26 
| 16 21 25-6 17 27 
| 17 30) 23-2 26 
17 30 23-2 18 28 
17 30 23-2 18 30 
| 17 8-9 | 37 
15 36 8-9 29 62 
13 | 36 8-9 63 
28 72 4-4 65 85 
| 31 72 1-4 57 S4 
xg 1-7 102 96 
53 sy 1-7 105 96 
on the U.T.S. of the heat-treated material is most 


pronounced at 250° C. 

The elongation and reduction of area figures showed 
some scatter but, in general, bear out the above state- 
ment about softening temperatures. 

(b) Forged from 3 in. extruded stock (Table II and 
Figs. 4, 5 and 6).—The U.T.S. of the annealed material 
was higher than that of the annealed material forged 
from 5 in. cast bars at the lower temperatures of testing, 
but at 400°C. had fallen to the same level of 2 tons 
sq. in. Little difference existed between the U.T.S. of 
heat-treated material forged from the cast billets and 
from the extruded stock. The effect of the 50 hours’ 
soaking treatment was somewhat more marked in the 
heat-treated material forged from the extruded stock 
than in that forged from the cast billets. The effect of 
soaking was, as before, most pronounced at 250°C. 
Again the values for elongation and reduction in area 
bear out the findings of the tests for U.T.S. 

During the tests on the heat-treated material forged 
from the 3in. extruded stock, one specimen tested at 


PENSILE TESTS AT ELEVATED TEMPERATURES ON RR. 59 
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temperature of test 
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Figs. 7-9 refer to material forged directly from cast billets; Curves LOZ relating to annealed material, LPA to heat 
treated material, and LPA.S to heat treated and ‘‘ soaked ’’ material. 


Figs. 10-12 refer to material forged from 3 in. stock, extruded from cast billets ; 
material, LPC to heat treated material, and LPC.S to heat treated and ‘* soaked 


Curves LPB relating to annealed 
material. 


Figs. 7-12.—Tensile tests at elevated temperatures on R.R. 59. 


20°C. gave a type of fracture which indicated the 
possibility of cracks in the material. The ends of this 
specimen were subjected to micrographic examination 
and showed definite cracking. Other specimens were 
examined but no further evidence of cracking was 
found. The micro-sections were sent to the supplier of 
the material who provided additional lengths of forged 
bar for cheek tests to be made. The results of these 
tests are given in Table V and the comparison of the 
materials is made in Figs. 13, 14 and 15. They show 
that there was no essential difference in the two supplies. 
It would thus appear that, with the exception of a very 
short length, the original bars were satisfactory. 


MATERIAL R.R.59 

(a) Forged from 5 in. cast billets (Table II] and Figs. 7, 
8 and 9).—The U.T.S. of the annealed material fell 
from about 15 tons/sq. in. at 20°C. to about 2 tons, 
sq. in. at 400°C. The U.T.S. of the heat-treated material 
fell gently from about 28 tons/sq. in. at 20° C. to about 
18 tons/sq. in. at 250° C. and then more rapidly to about 
3 tons/sq. in. at 400°C. The heat-treated material 
soaked 50 hours at the test temperature showed a rapid 
fall in U.T.S. between 200° and 250° C. and the effect 
of the soaking was most pronounced between 200° and 
350° C. Similar effects of temperature and of soaking are 
shown by the curves for elongation and reduction in area, 
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Dots indicate first supply (Mark LOV). Crosses indicate second supply (Mark LZM). 
Figs. 15.—Tensile tests at elevated temperatures on D.T.D. 364A, forged from 3 in. extruded stock and heat 
treated 
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TABLE V.—-REPEAT TESTS ON MATERIAL D.T.D. 364A 


B.N.F. Mark LZM (Original material B.N.F. Mark LOV) Material heat-treated after forging from 3 in. extended stock. 


Elongation 


Test Temperature U.T.S. _ | Reduction of Remarks 
tons /sq. in, on 4yA Area % 
Mean Mean Mean 
2 31-9 31 
32-1 14 30 | 
29 
175 25-3 17 
25-5 21 
25-6 20 17 
| 
250 | bl 20 70 | Broke outside * middle third.” 
14-9 20 71 
| iy 72 Broke outside middle third.” 
me 2-6 63 Broke outside middle third.” 
2-7 2-6 | | Broke outside ** middle third.” 
2.4 x0 06 72 | Elongation figure of 80% accepted. 


Elastic properties at 20°C, 


Limit of Proportionality 


Proof Stress 
Proof Stress 


Youngs Modulus 
rABLE VI.—ELASTIC PROPERTIES OF S644 AT 20°C, 


| 


| Limit of | O-OL%, 0-1%, Youngs 
| Propor- Proof | Proof Modulus 
Condition of | tionality | Stress | Stress K-10 
Material tons/sq. in. | toms /sq.in. | tons ‘sq. in. Ib. /sq. in. 
Forged from 5 in. cast | 
billets 
Heat treated | 28-4 10-3 
Forged from 3 im 
extruded stock : 
Heat treated 18-2 19-8 22-5 10-7 


TABLE VII ELASTIC PROPERTIES OF 59 AT 2070, 
| 


Limit of | Youngs 
Propor Proof Proof Mo lulus 
Condition of tionality Stress Stress Kl 
Material toms sy.in. | toms (sq. in tons ‘sq. in. Ib. /sq. in. 
Forget from 5 in. cast 
billets 
Annealed | 7-3 
Heat treatel Wed 19-4 12-5 
Force! from 3 in 
extruded stock 
Annealet 3-2 a6 11-3 
Heat treatet 17-6 20-6 10-6 


(b) Forged from 3in. extruded stock (Table IV and 
Figs. 10, 11 and 12).—The results obtained from this 
material were very similar to those given by the material 
forged from 5in. cast billets. 


R.T.S.C. Exports, Ltd. 


Ricuarp Thomas & Baldwins, Ltd. and The Steel 
Company of Wales, Ltd. announce the formation of a 
new Company, R.T.S.C. Exports, Ltd., which will act 
as the organisation for the effecting and carrying through 
of the export sales of mild steel flat rolled products 
manufactured by them and their respective subsi- 
diaries. 'The Company was registered on July LOth, 1950, 
with a nominal share capital of £1,000. The directors 
of the new Company are :—Mr. H. F. Spencer (Chair- 
man), Joint Assistant Managing Director of Richard 
Thomas & Baldwins, Ltd., and Mr. E. Julian Pode, 
Managing Director of The Steel Company of Wales, Ltd. 
The Secretary is Mr. J. Idris Roberts and the Registered 
Office is at 47, Park Street, London, W.1. The object 
of the formation of the Company is to co-ordinate and 
stimulate throughout the world the export sales of the 
mild steel flat rolled products of two Companies which 
have embarked upon modernisation schemes which will 
enable them to produce, by modern methods, products 
of a quality equal to any produced elsewhere. 
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tons /sq. in. 
tons/sq. in. 
as 2 tons /sq. in. 
10-6 10% Ib./sq. in. 


Elastic Properties of the Materials 
at Room Temperature 


The elastic properties of specimens of the two materials 
were determined at room temperature (20°C.). In the 
determination of limit of proportionality, 0-01°, proof 
stress and Young’s Modulus, the sensitivity of strain 
measurement was + 2-5 x 10°in. per inch. The 
results obtained are given in Tables VI and VII. 


Comments 


The test results show that above temperatures of the 
order of 175° C. these materials begin to soften. 
Naturally, therefore, longer time heating at these 
temperatures results in a progressive decrease in ultimate 
tensile strength until the point of full softening may be 
reached. It is important to recognise that the testing 
procedure laid down in B.S. 1094, particularly that 
relating to times at test temperature, is arbitrary, and 
does not aim at giving any indication of the stability of 
the material at the test temperature. 
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The Universities and Industry 


RECENTLY a party of University teachers from Oxford. 
Cambridge and Sheffield was entertained by The United 
Steel Companies, Limited. Three days were spent in 
visiting steelworks in Sheffield and Scunthorpe and in 
discussions with the company’s staff. The idea of trying 
this experiment came from a recent F.B.I. Conference. 

Discussions ranged over a wide field and included the 
Company's organisation which was explained by the 
Managing Director, Mr. Gerald Steel, developments and 
investment policy, research, the training policy of the 
company and opportunities for arts graduates in the 
Steel Industry. Mr. A. J. Peech, the Deputy Managing 
Director, led a discussion of problems affecting the 
Steel Industry as a whole, including the location of 
plants and the comparative efficiency of the British, 
Continental and American Steel industries. 

It was the opinion of all who took part that the «xper!- 
ment had been worthwhile and successful in promoting 
mutual understanding between the many mem)crs of 
the Company’s staff who took part and the v ‘sitors. 
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L.eviews of Current Literature 


TIN: ITS MINING, PRODUCTION, 
TECHNOLOGY AND APPLICATIONS 


hy C. L. Mantell. 2nd edition. Pp. 573 with 141 illustra- 
tions. 1949. New York: Reinhold Publishing Corporation. 
80s. net. 

Wues the first edition of this book was published it 
filled an important gap in metallurgical literature and, 
despite a number of inaccuracies, was generally accepted 
as the standard text book on tin. Since the book first 
appeared no equally comprehensive survey of the 
occurrence, properties, and uses of tin has been published, 
and the news that a second edition was in the Press was, 
therefore, most welcome. Unfortunately the new 
edition is not quite such an advance on its predecessor 
as might justifiably have been anticipated, and although 
the author has endeavoured to bring the subject matter 
up to date by extensive revision and by the inclusion of 
new sections on recent developments, some of the 
earlier inaccuracies still remain and others have crept 
in. It is easy to criticise, however, and in fairness to 
the author the difficulty of covering so vast a field 
accurately and completely must not be underestimated. 

A sincere attempt has obviously been made to bring 
the book abreast of the times, as is evident from the 
inclusion of a chapter on electrolytic tinplate and from 
the extensive amplification of the data included in the 
first edition on the constitution of tin alloys. The book 
lacks balance, however, and bearing in mind that one of 
the major uses of tin is for the coating of other metals, 
more space should have been devoted to this important 
application. Moreover, the chapter on hot dipped 
coatings describes only the almost obsolete method of 
making tinplate steel by pack rolling; the present-day 
practice of manufacturing tinplate steel by continuous 
cold reduction is not mentioned, nor is there any 
reference in the bibliography on tinning to the latest 
text book on tinplate by Hoare and Hedges. 

It is perhaps more in the direction of inaccuracy 
rather than that of omission that the book is disappoint- 
ing. One reads, for instance, that “ Tin pest might have 
been responsible for the death of Scott and his comrades 
on the ill-fated South Pole expedition in 1911-1912.” 
In reality, tin pest had nothing whatsoever to do with 
the loss of supplies which led to the final disaster, as is 
abundantly clear from the entirely different explanation 
given in Seott’s own diaries. This is perhaps one of the 
most obvious inaccuracies, but there are numerous cases 
where obsolete data are presented and wrong impressions 
consequently are imparted. There is no excuse, for 
example, for publishing the thermal equilibrium diagram 
for copper-tin alloys compiled many years ago by 
Heycock and Neville, which later work has shown to be 
incorrect in regard to the alpha solid solution boundary, 
and which has been superseded by the diagram drawn 
up con paratively recently by Raynor. Similarly, work 


publisd by Heumann in 1943, to which incidentally 
Dr. Ma tell draws attention, and by Nial in 1945 shows 
ho ev nee of the two liquid immiscibility ranges 
indicat»| in the diagram, Fig. 110, representing the tin- 
nickel _ stem, which has been taken from the work of 
earlier vestigators. 

Des; © these criticisms there is much of value in the 


book | the reviewer does not wish to create the 


—. 1 that it is in any way an unworthy volume. 
he bo — is pleasingly written and well illustrated and 
July 1950 


is provided with complete name and subject indices. It 
should prove very useful to anyone requiring information 
on tin, and as a very comprehensive and, in the main, 
complete bibliography runs throughout the volume the 
reader can readily refer to original papers should he so 
desire. The immensity of the field covered has already 
been pointed out, and it would be miraculous if so wide 
a review were free from criticism. It is hoped, however, 
that in a later edition the author will rectify the 
inaccuracies which mar this otherwise excellent reference 


book. J. W. CuTHBERTSON. 


CANNING TECHNOLOGY 
By A. J. Howard, M.A., A.R.I.C., with Foreword by Sir 

Jack Drummond, D.Se., F.R.S. Pp. viii + 287 with 113 

illustrations. Published by J. & A. Churchill, Ltd., 104, 

Gloucester Place, Portman Square, London, W.1. Price 30s. 
THE scope of this book is rather wider than its title 
suggests, for besides describing the technique of canning 
itself, there are chapters on the manufacture of tinplate, 
on can manufacture and on the fundamentals of corrosion 
and their application to the types of attack which may 
take place in food containers. In the latter chapter it is 
refreshing to find that the significance of the potential 
series of metals is not exaggerated as is so often the case 
in books and articles written by people who are not 
corrosion specialists. The corrosion of tinplate in acid 
media is quite fully discussed and the development of 
hydrogen swells and perforations described. Data are 
included on the discoloration of the inside of tinplate 
containers by contact with sulphur-bearing foods and 
there is a discussion of the external corrosion of cans, 
including some recommendations on how to avoid it. 
In the chapter on tinplate manufacture, the rolling of 
sheet by the Welsh process is described and there is 
information on modern continuous strip mills. Both 
hot-dip and electrolytic tinning are considered and there 
is a section on the sorting and classification of tinplate 
and one on its examination and testing. 

Although written primarily for those engaged in 
canning, the inclusion of these chapters and the quite 
extensive bibliographies of literature references gives 
the book an appeal for others less directly connected 
with the industry. Besides the chapters mentioned, 
other subjects of interest to the metallurgist are briefly 
dealt with, namely, the methods used for closing the 
can after filling and the use of aluminium and its alloys, 
either plain or anodised, for food-container manufacture. 
Another important chapter from the metallurgical 
point of view is one dealing with the possibility of 
significant quantities of metal being dissolved by the 
food from the can or from processing equipment, causing 
deterioration in the flavour or the appearance of the 
product or being absorbed into the system of the con- 
sumer. Tin naturally receives most attention, but data 
are included on lead, copper, zinc, arsenic and aluminium. 
It is of interest to note that contrary to rather irrespon- 
sible statements from some quarters, the author con- 
cludes that aluminium and its salts in quantities likely 
to be present in foods as aresult of the use of aluminium 
plant or containers offer no danger to health. 

The majority of the text is naturally devoted to 
canning itself and includes chapters on general con- 
siderations in establishing a cannery, the examination 
and preparation of food raw materials for canning, heat 
sterilisation, filling, exhausting, closing and processing 
of the can, the spoilage of canned foods and its prevention 
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and on various miscellaneous operations such as can 
washing, labelling, inspection, ete. 

One feels that considerably more attention might 
have been given to both the internal and external 
lacquering of food containers and to the choice of 
lacquers for these purposes. 

The book is very well illustrated and the pictures add 
greatly to its value. G. T. CoLecatE 


Staff Changes and Appointments 


Proressor J. H. ANDREW, who has occupied the Chair of 
Metallurgy in the University of Sheffield since 1932, 
is to retire, for health reasons, at the end of this summer. 
During his 18 years at Sheffield, great developments in 
metallurgy have necessitated the extension and moderni- 
sation of the University buildings. Professor Andrew 
has made many notable contributions to the literature of 
metallurgy, chiefly in connection with steel, and last 
year he was honoured by the award of the Bessemer 
Gold Medal of the Iron and Steel Institute. 

Mr. ALrrep RorsucKk, M.I.Mech.E., retired from the 
Board of Messrs. Hadfields, Ltd. at the end of last month. 
After serving his apprenticeship at the Company's 
Kast Hecla Works, he was successively draughtsman, 
Assistant Chief Engineer and Chief Engineer. In 1929 
he was appointed a Local Director, and, in 1931, a 
Director. Associated with many professional and 
technical bodies, Mr. Roebuck is a Vice-President of the 
Institution of Mechanical Engineers and President of the 
Junior Institution of Engineers. Messrs. Hadfields, Ltd. 
are still retaining his services as a Consultant, and he 
will continue to act as a Director of Messrs. John Baker 
and Bessemer, Ltd. 

Cou. E. P. J. Ryax, O.B.E., who took over the duties of 
the Bristol Aeroplane Company’s representative in the 
Middle East at the end of June, has held a similar 
position with the Society of British Aircraft Constructors 
since November, 1945. Born in 1900, Col. Ryan had a 
distinguished military career before joining 8S.B.A.C. 
Dr. Joun THompson, President of The Inter- 
national Nickel Company of Canada, Limited, was 
among twelve distinguished persons on whom were 
conferred honorary degrees by Columbia University at 
the Commencement Exercises on June 8th, 1950. He 
was presented with a Doctor of Science Degree by 
General Dwight D. Eisenhower, Dean of Columbia. 

Mr. Arruur H. Warne has been appointed a Director of 
Messrs. Hadtields, Ltd. He first joined the Company in 
1917, was appointed a Local Director in 1945, and has 
been a Director of Hadfield’s Foundry and Engineering 
Co., Ltd. since its formation. Mr Waine has been 
closely connected with the metallurgical and production 
branches of the Company's business. 

Mr. T. Rowson has been appointed a Director 
of Head, Wrightson & Co., Ltd. Mr. Robson, who is a 
Director of other subsidiary companies of the Head 
Wrightson Group, has been their London Manager for 
nearly 20 years. 

Mr. J. P. Hunt, Managing Director of the Hallamshire 
Steel & File Uo,, Ltd., has been appointed Chairman of 
the National Association for Rolled and Re-Rolled Steel 
Products in succession to Mr. H. C. Waterston, Vice- 
Chairman of Messrs. Bairds & Scottish Steel, Ltd. 


Dr. T. Emmerson, B.Se., Ph.D., A.Inst.P., has } cen 
appointed Director of Research for the G.K.N. Grou of 
Companies from June 27th, 1950. Dr Emme:son 
joined Messrs. Joseph Sankey & Sons, Ltd. in Octo der, 
1945, after spending the War years in research for the 
Admiralty, and has been acting Director of the G.FLN. 
laboratories since October, 1949, when Mr. N. F. Astlury 
resigned to take up a research appointment in Austr.lia, 


Mr. E. 8. Wappinerton, F.S.E., M.Inst.W., A.M.L.E., 
(S.A.) Associate I.E.E., of the Industrial Department of 
Philips Electrical, Ltd., has been elected Vice-Chairman 
of the B.E.A.M.A. Are Welding Plant Section. 

Dr. W. F. Cuuss, B.Sc., F.R.LC., F.1.M., has been 
appointed Foundation Professor of Metallurgy at King 
Fouad Ist University, Cairo, and as Consultant to the 
Egyptian Government in connection with its long-term 
industrial development programme. 

Mr. LAwrENCE Levy, a Director and former Chairman of 
George Cohen, Sons & Co., Ltd., retired from the Board 
of that Company at the end of June. Mr. Levy, who is 
73, joined the firm as an apprentice in 1893, and was 
Chairman of the Board from 1928 to 1947. He continues 
to retain close connections with the London & Southern 
England Scrap Iron & Steel Merchants Association, and 
remains as Chairman of New London Electron Works, 
Ltd., and Batchelor, Robinson & Co., Ltd. 

Mr. F. W. Roptnson has been appointed a London 
Director of Thos. W. Ward, Ltd., Sheffield. His office is 
at Brettenham House, Lancaster Place, London, W.C.2. 
The Brightside Foundry & Engineering Co., Ltd., 
Sheffield, announces that Mr. W1iLuiaM 8. RicHarDs has 
been appointed a Director. 

The retirement is announced of Mr. J. W. Craw ey, 
for many years a representative in the London area for 
Messrs. Hadfields, Ltd., East Hecla Works, Sheffield. 
Guest Keen Baldwins Iron & Steel Co., Ltd., announce 
the appointment of Mr. Trevor Jenkins as Chief 
Engineer as from July Ist, 1950. Mr. Jenkins, who is 46, 
has served with Guest Keen Baldwins since its formation 
and prior to that with Guest Keen & Nettlefolds, Ltd., 
since June, 1918. 

Mr. Stancey B. Rippon, Engineering Sales Manager, 
has been appointed General Sales Manager of the heavy 
constructional department of the Thorncliffe Ironworks 
of Newton Chambers, Ltd. 


Company News 
BRADLEY (DARLASTON), LTD. 
Messrs. Bradley & Foster, Ltd. have formed a new 
Company, Bradleys (Darlaston), Ltd., whose registered 
office is, Darlaston Ironworks, Darlaston (Tel. Darlaston 
353), for the purpose of acquiring the business in 
metallic abrasives, round shot and angular grit formerly 
carried on by the parent Company. 
KIRKSTALL FORGE ENGINEERING, LTD. 

A LirrLe more than a year ago, Kirkstall Forge 
Engineering, Ltd. acquired the whole of the share 
capital of Kirkstall Forge, Ltd., since when the latver has 
continued in being as an operating subsidiary. On June 
30th, 1950, Kirkstall Forge, Ltd. was liquidated and the 
whole of the assets and undertaking transferred to the 
parent Company. As far as customers and suppliers are 
concerned, this amounts to no more than a change 
name of the Company. 
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MECHANICAL - CHEMICAL 
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INSTRUMENTS AND MATERIALS 


JULY, 1950 


Vol. XLII 


The Application of Perchloric Acid to the Analysis 


of Steelworks Materials 


By G. 


Croall 


(Formerly of William Beardmore & Co. Ltd.) 


The 70°, solution of perchloric acid is neither poisonous nor explosive and, provided that 

suitable precautions are observed, it can be utilised with advantage in the analysis of 

steelworks materials. In this article the author presents the case for its more widespread 
adoption in this field. 


properties which have been known for a very 


perchloric acid has many useful 


long time, it has not been made an “ everyday 
reagent ” in the average works laboratory. Perhaps the 
chief reason has been the mistaken idea concerning its 
stability ; 70°, perchloric acid is neither poisonous nor 
explosive (unlike the anhydrous acid), and while it is 
true that near its boiling point it will react explosively 
with certain organic materials, it is a no more dangerous 
acid to use for the analysis of steelworks materials than 
is concentrated sulphuric acid. 

By describing how perchloric acid has been used in 
this laboratory the author hopes to fulfil the following 
purposes. 

(a) To overcome the prejudice which is held against 

perchloric acid on grounds of danger. 

(6) To collect together information which has been 
published over a number of years in the literature 
on analytical work. 

(c) To indicate how the author has used perchloric 
acid in his own work. 

It has been considered that the chemical properties 
given below will be useful in a paper of this kind. They 
have been taken chiefly from works by Mellor’ and 
Lundell, Hoffman and Bright.? 

Chemical Properties of Perchloric Acid 

Pure 100°, perchloric acid is a volatile colourless 
liquid of sp. gr. 1-764. It is unstable and is dangerous 
to handle, since it explodes in contact with paper, wood 
and charcoal; it also produces serious wounds in 
contact with the skin. With water it forms a constant 
boiling mixture containing 71-6° HClO, and having a 
boiling point of 203°C. Fortunately, this mixture, 
which is used for analytical work, is quite stable and is 
not d»ngerous to use unless organic material, or easily 
oxidis: ble inorganic material like trivalent antimony, is 
preser’. In such cases, concentrated nitric acid must be 
added before the perchloric acid, and then, and only 
then. «.n the perchloric acid be brought to fumes. Such 
mater) | will be speedily and safely destroyed ; _ filter 
paper an be completely destroyed by this procedure. 

Nee its boiling point, 203°C., perchloric acid has 
strong >xidising properties. Chromium is oxidised to 
dichro \ate and the various metallic carbides are readily 


1 at rn Inorganic Chemistry,” G. D. Parkes and J. W. Mellor, p. 516, 1945, 


s 191 Wy Analysis of Iron and Steel,’ Lundell, Hoffman and Bright, p. 29 
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decomposed. The only exception which the author has 
observed has been niobium carbide which does not 
decompose completely even after days of fuming with 
perchloric acid. If, however, concentrated sulphuric 
acid is present it will dissolve the niobia_ which, 
depositing on the carbide, prevents its further oxidation. 
Under these conditions decomposition is accomplished 
in a few minutes. 

Owing to its high boiling point perchloric acid, like 
sulphuric, displaces the more volatile acids when boiled 
with them. It also makes a very suitable standard acid 
and can be substituted for sulphuric acid in permanga- 
nate titrations. 

Perchloric acid forms a series of salts called perchlo- 
rates where the perchlorate radicle is univalent. Except 
for the potassium salt, which is, incidentally, practically 
insoluble in alcohol, they are all readily soluble in water. 
They are not decomposed by hydrochloric acid, nor do 
they yield an explosive gas when heated with sulphuric 
acid. They are not reduced to chlorides by sulphur 
dioxide. Potassium perchlorate can be decomposed by 
boiling with neutral ferrous hydroxide and _ titanous 
salts. The perchlorates do not creep over a crucible on 
evaporation. They are decomposed when strongly 
heated. They do not hydrolyse easily and are very 
useful for electro—-chemical work. Finally, perchloric 
acid does not interfere with the estimation of phosphorus 
or titanium by the colour method. 


The Initial Decomposition of Materials 


Most materials met with in the steelworks laboratory 
are attacked to some extent by fuming perchloric acid. 
Moreover, fuming perchloric acid is the best dehydrating 
reagent for silicic acid. These two facts are applied as 
indicated below, both to facilitate and to expedite the 
analysis of a wide range of materials. 

(a) Perchloric acid can normally be employed in the 
initial attack on samples which are soluble in ordinary 
acid. The advantage to be gained is that a single 
fuming with perchloric acid suffices to dehydrate any 
silicic acid. The silica can be filtered off and the analysis 
carried on without the need of a second evaporation. 

(b) Perchloric acid can be used to replace sulphuric 
acid. It decomposes completely most alloy steels 
without forming, as sulphuric does, insoluble anhydrous 
salts. Provided the silica is less than about 30°, and the 
alumina is not high it will successfully decompose 
materials containing chromium trioxide. 
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(c) One of the most useful applications used in the 
author’s laboratory is the attack by perchloric acid on 
samples which normally have to be fused to obtain 
decomposition. By using the methods given below it is 
possible to decompose fire-brick, silica brick, acid slag, 
loams, basic slags containing appreciable amounts of 
chromium trioxide, certain ferro-alloys and _ ingot 
inclusions, ete. The silica is removed and a solution 
free from sodium salts is prepared for further examina- 
tion. The time of analysis is considerably speeded up, 
e.g., 6 fire-bricks can be completely analysed except for 
alkalies by a single person in 14 days. 
The General Method of Attack 

Weigh 0-500 g. finely ground sample into a platinum 
crucible and add 3-4 ml. perchloric acid, Iml. hydro- 
chloric acid and 10-12 ml. hydrofluoric acid. Evaporate 
slowly on the hot plate or sand bath, stirring the contents 
of the crucible occasionally with a platinum wire to 
disintegrate completely any particles which may have 
caked together on the bottom of the crucible. When 
the perchloric acid begins to fume, add another 3-4 ml. 
hydrofluoric acid and 3-4 ml. perchloric acid, and 
evaporate until fumes of perchloric acid have been 
gently evolved for 5-10 mins. Cool and transfer the 
contents of the crucible to a 250 ml. beaker. Wash the 
crucible with a few drops of hydrochloric acid and then 
with water. Add 5 ml. hydrochloric acid and 5 ml. 
perchloric acid. Evaporate until the perchloric acid 
begins to simmer. Remove watch glass from beaker and 
continue simmering for 5 minutes. (This last treatment 
is necessary to remove the last of the hydrofluoric acid, 
and if omitted will cause difficulties during the remainder 
of the analysis, because aluminium fluoride is not com- 
pletely precipitated by ammonia and calcium fluoride is). 
Cool. Add 5-10 ml. hydrochloric or nitric acid as 
required for further analysis which can be carried out 
in the conventional way. 


The Method of Attack for Chrome Brick and 
similar Materials 

The technique can be applied to chrome and chrome 
magnesite bricks. Unfortunately it is difficult to obtain 
complete solution either by method (a) or (c) as above. 
With (a) a residue of 10-14 mg. is usually obtained after 
“ HF-ing ” the silica precipitate and with (¢) 2-4 mg. 
usually remain undecomposed. These residues can, 
however, be fused with a little sodium carbonate pius 
nitrate mixture in a small platinum crucible, and either 
added to the main solution or examined separately. The 
following two methods of procedure have been used by 
the author. 

(a) Separation of Chromium as Chromyl Chloride : 
Prepare a solution of the sample which should be com- 
pletely dissolved by one of the methods given above. 
Let it contain about 15 ml. perchloric acid and evaporate 
until it is fuming. Now add from a dropping bottle 
small quantities of concentrated hydrochloric acid at 
intervals until no more brown fumes are evolved. This 
takes time because each addition of hydrochloric acid 
not only evolves some chromy! chloride, but also reduces 
the remaining chromium, and the operator must wait 
until the chromium has re-oxidised before proceeding 
with the nex! addition.* Nevertheless a solution is 
obtained which can he analysed for the mixed oxides 


°* The same end can be achiewed more neatly by introducing a stream of 
hydrochloric acid gas (prepared by treating sodium chloride with cone, 
sulphuric acid) into the beaker. 
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(manganese oxide, lime and magnesia) in the usuil 
manner, and which should contain only a fraction of a 
milligram of chromium. 

(b) Retaining the Chromium in the Dichromate Stat. : 
The following is an outline of the method used to coio- 
plete the analysis after decomposition. Dichromate 
solutions do not interfere and precautions are taken to 
keep the chromium in the fully oxidised state. 

After fuming with perchloric acid has been carried 

out, dilute to 100ml. with water. Add 5 g. ammonium 
chloride and 2 ml. bromine. Shake and stand for 5 mins. 
Warm to 60°C. and neutralise with ammonia (1 : 1) 
until a faint excess is present. Cool to room temperature 
(dichromate solutions when hot are appreciably reduced 
by filter paper). Filter and wash with 1°, ammonium 
chloride solution. Transfer the paper to the original 
beaker. Add 10 ml. concentrated nitric acid and 5ml. 
70°, perchloric acid and evaporate to fumes of per- 
chloric acid. Repeat the precipitation. The precipitate 
“an then be examined by any standard method for 
manganese oxide and the iron, aluminium group of 
oxides. To the filtrate from the above, add ammonium 
oxalate to precipitate the lime. Boil, cool and filter. 
Finally magnesia can be precipitated with ammonium 
phosphate in the usual way. In accurate work re- 
precipitations of the lime and magnesia should be made 
by dissolving the ignited precipitates in acid, fuming 
with perchloric acid to oxidise traces of occluded 
chromium, diluting and then precipitating as above. 

The above method, which can easily be applied to all 
chrome-bearing materials, avoids fusion in iron and 
nickel crucibles and all the consequent difficulties 
encountered by the introduction of nickel, iron and 
sodium salts into the sample. The author has not so far 
been able to examine the method from the point of pure 
chemical exactness, but has certainly found the accuracy 
more than sufficient for the melting shop staff. 

A typical analysis is given of a chrome brick in Table I. 
Silica was found by evaporation with perchloric acid. 
Chromium oxide was estimated by fusing with sodium 
peroxide in a nickel crucible and treating as a ferro- 
chrome alloy. 

The Method of Attack for Calcium, 
Manganese Alloys 

These alloys can be successfully decomposed and 
analysed if the following procedure is followed. 

Weigh 0-5 g. sample into a platinum crucible. Add 
3 ml. water and warm gently to allow any calcium 
carbide to decompose. Cool and add 5 ml. concentrated 
nitric acid. Add, cautiously, hydrofluoric acid drop by 
drop until the sample has decomposed. Cool in a 
beaker of water if the action shows any indication of 

proceeding too vigorously. Now add 3 ml. hydrofluoric 
acid in excess and 5 ml. perchloric acid and evaporate 
to fumes. Fume for 5 mins. Transfer to a 250-ml. 
beaker. Add 5 ml. hydrochloric acid and 5 ml. perchloric 
acid. Evaporate and allow the perchloric acid to fume 
strongly for 5 mins. Cool and dilute to 100 ml. with 
water. Add 5 g. ammonium chloride and heat to 60° C. 
Add ammonia until the solution is very faintly alkaline. 
Do not boil but filter off the iron and accompanying 
oxides. Transfer the precipitate back to the original 
beaker. Dissolve in hydrochloric acid and repeat the 
precipitation. This treatment suffices to separate all 
but about 0-5 mg. manganese from the mixed oxides. 
The analysis is now completed by any of the recognised 
methods. 


Silico- 
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TABLE I.— ANALYSES OF MATERIALS WITH WHICH PERCHLORIC ACID CAN BE USED TO ADVANTAGE. 


Material SiO, | FeO | Fe,0, Al,O, Cr,05 | TiO, V,0; | MnO CaO MgO CaF, Cas CaC, Alkalies 
asic slag»... 8-00 | 5-08 | 2-56 | 0-66 | 0-48 | 0-07 | 0-18 | 0-55 | 3-06 | 58-38 ‘| 2-09 [17-82 | | — 
Acid slag 59-40 [13-54 | o-so0 | 0-88 | 1-14 | 0-83 0-07 | 14-35 | 8-78 | 0-18 | 
yuebrick .. .. ..| 60-90 | — | — — | | | — | “0-90 
Magnesite 32 620 | | — | 0-07 - | 2-70 | — | — | 0-64 
Chrome brick 6-30 | 12-04 [48-61 | 0-20 | — | — | 0-20 | 2-50 | 16-84 | | | 

uptake 38°40 | 52-00 | 3-00 | 5-45 | Trace 0-05 | 0-70 | 
electric furmace .. ..| 6°40 _ 19-20 | 2-60 | _ Nil 8-40 | 22-40 | 16-06 5-30 | 2-06 17-40 


The above method yields results which show no 
significant difference from those obtained by any of the 
standard methods. 


The Use of Perchloric Acid in Estimating Silicon 
and Silica 

It has been recognised for some time that perchloric 
acid is one of the best dehydrating reagents for silicic 
acid ; except in the most accurate work a single evapora- 
tion suffices and, with the possible exception of high 
tungsten alloys, the method can be applied to all steels. 
The precipitated tungsten oxide is found to be heavily 
contaminated with molybdenum oxide and, as these two 
oxides are fairly volatile at high temperatures, rather 
high results are obtained when the silica bearing preci- 
pitate is ‘“‘ HF-ed.” Niobia, some of which will be lost 
unless 3 ml. concentrated sulphuric acid is added at the 
“HF-ing”” stage, is precipitated along with silica. 
Titania is not a serious source of contamination of the 
silica residue. Exact details of procedure have been 
published by the British Standards Institution*®. In 
general the method is as follows :— 

Weigh 5 g. sample into a 400-ml. beaker. Add 50 ml. 
hydrochloric acid, dissolve and oxidise with nitric acid. 
Add 50 ml. 70%, perchloric acid, evaporate to fumes of 
the acid and continue fuming for 10 mins. Cool and 
dissolve the fumed mass in 20 ml. hydrochloric acid. 
Dilute with 150 ml. cold water and shake until all the 
salts are in solution. Filter, scrub and wash out the 
beaker. Wash the precipitate with hot (1:4) hydro- 
chlorie acid and then cold water. Ignite, weigh, and 
HF. If great accuracy is required evaporate the filtrate 
a second time. 

The following rapid method is used to provide infor- 
mation to the melting shop staff during smelting 
operations. Results can be given within half an hour 
from the time of drawing the sample. 

Weigh 2-5 g. sample into a 400-ml. beaker and 
dissolve in 30 ml. 70°, perchloric acid. Boil rapidly to 
fumes of the acid and continue fuming for 3 mins. Cool 
rapidly and add 20 ml. hydrochloric acid. Dilute to 
100 ml. with water. Filter through a fast running 
paper pad. Ignite and weigh. 

Jsing this method the silica residue is invariably 


found contaminated with iron oxide which colours it 
brown The weight of the impurity varies between 
3-5 m:. and with some practice the operator is able to 
make fair guess at the amount present. In this way 


the“ ' F-ing ” stage of the process is obviated. Results 
are se om found without the range + 0-025% Si. 

The rethod can be applied to any refractory material 
or sla soluble in hydrochloric acid. Providing the 


3 = ids for the Analysis of Iron and Steel,” British Standard 1121: Part 
0, 


silica is not too high and there is no large amount of 
alumina present, the method is exceptionally good with 
materials, e.g., those containing chromium trioxide, 
which are not normally soluble in hydrochloric acid. In 
materials where the silica much exceeds 25% a res'due 
of 20 mg. upwards is usually obtained after ‘“‘ HF-ing.” 
The complete ignition of this residue becomes difficult 
and produces a decrease in the accuracy of the silica 
result. 

A 0-5 g. sample is usually taken and treated with 
10 ml. hydrochloric acid and 25 ml. 70%, perchloric acid. 
The filtrate from the estimation can be used for the 
determination of further constituents. 

The silica in acid slags cannot be satisfactorily found 
by this method. 

Shrenk and Ode* have shown that silica can be 
accurately determined in the presence of fluorspar using 
a mixture of perchloric acid and boric acid as follows :— 

Weigh 0-5 g. sample into a 100-ml. beaker and treat 
with 20 ml. 20°, perchloric acid which has previously 
been saturated at 50°C. with boric acid. Evaporate 
carefully to fumes of perchloric acid and continue fuming 
for 5 mins. Cool, add a few ml. of water and repeat the 
fuming for 5 mins. Add 75 ml. water and warm the 
solution until the soluble salts are in solution. Filter, 
scrub out the beaker and wash the residue with dilute 
perchloric acid and finally with hot water. Ignite, 
weigh, HF, ignite and re-weigh. 

The author uses this method to estimate silica in 
basic electric furnace slags which contain appreciable 
amounts of fluorspar. The results compare well with 
the zine oxide method described by Lundell, Hoffman 
and Bright® provided the following two precautions are 
observed—otherwise high results may be obtained. 

(a) Do not use large beakers and do not cover them 

with a watch glass. 

(b) Do not use beakers which are badly etched. 


The Use of Perchloric Acid in the Volumetric 
Estimation of Chromium 

It has been recognised for many years that chromium 
is oxidised to dichromate by fuming perchloric acid. 
Lundell, Hoffman and Bright® point out that the 
reaction is only 99-5°%, complete, and although by 
taking special care this figure can be increased it cannot 
attain 100%, oxidation. Nevertheless, for alloys con- 
taining up to 5°%, chromium it is perfectly satisfactory. 
For higher chromium contents a correction factor can be 
developed. When it is realised with what ease and 
rapidity chromium carbide is decomposed by fuming 


4 Shrenk and Ode, Jnd. and Eng. Chem. Anal., Ed. 1, 201, 1929. 

5 “ Chemical Analysis Iron and Steel,” Lundell, Hoffman and Bright, p. 603, 
1931, Ed. 

6 “Chemical Analysis Iron and Steel,” Lundell, Hoffman and Bright, p. 298, 

1931, Fd. 
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perchloric acid, then the attractiveness of the method 
becomes most apparent. A sample of (24°, chromium) 
carburised armour plate requires about 3 hrs. for the 
estimation of chromium by solution in sulphuric acid, 
whereas when using perchloric acid the estimation can 
be completed in about } hr. and without any danger of 
loss from spitting, which is present during the fuming 
stage with sulphuric acid. Vanadium is oxidised to 
vanadate but manganese is not oxidised unless con- 
siderable amounts of phosphoric acid be present. The 
author uses the following method :— 

For samples containing up to 1-0°, chromium use a 
2 g. sample and treat with 10 ml. nitric acid and 25 ml. 
70°, perchloric acid. For higher amounts of chromium 
use a | g. sample and treat with 10 ml. nitric and 20 ml. 
70%, perchloric acid. When the sample has dissolved, 
boil down until fumes of perchloric acid appear and then 
continue fuming for 5 mins. Cool and add 25 ml. 
of warm water and boil for 3 mins. Cool and dilute to 
300 ml. with cold water. Add a measured excess of 
0-1N ferrous ammonium sulphate solution and titrate 
the excess with 0-1N potassium permanganate solution 
until: (a) if vanadium is absent a sharp and permanent 
end point is obtained ; (b) if vanadium is present a pink 
colour persists for 1 min. 

Unless the boiling with water for 3 mins. is carried 
out, the results will be found to be 0-03-0-05°%, too 
high. This error appears to be due to the formation of 
oxides of chlorine and/or chlorine itself during the 
fuming period. The method is extremely useful for 
estimating chromium in bath samples taken from a 
furnace making chrome steel, because such samples can 
be treated with 70°, perchloric acid alone, i.e., omit 
nitric acid and the estimation can be completed by an 
experienced operator in less than 20 mins, 


The Use of Perchloric Acid in the Colorometric 
Estimation of Chromium, Manganese, Molyb- 
denum and Nickel 

In 1944 Singer and Chambers’? published a coloro- 

metric method for the estimation of chromium. The 
basis of the method is the oxidation of chromium to 
dichromate using perchloric acid as the oxidising reagent. 
This method was investigated in the author's laboratory 
and elsewhere. The reaction proved to have a number 
of unique features which are summarised below. 

(a) The chromium colour is intensified by the presence 
of iron perchlorate and also varies with the actual 
amount of iron present. 

(6) With the exception of a range covering 34-44°, 
perchloric acid (sp. gr. 1-54), small variations in 
the concentration of the acid produce marked 
changes in the intensity of the colour produced. 

(c) The colour intensity shows small variations with 
temperature. 

(d) Ifover L-0°, vanadium or molybdenum be present, 
interference with the colour is observed. 

(e) Sulphuric and phosphoric acids must be absent as 
they affect the colour intensity. 

(f) The use of ferrous sulphate to obtain “ blank 
readings "’ must be strictly controlled to certain 
maximum specified amounts since it can cause 
interference. 

Full details of this interesting reaction have been 

published by the Methods of Analysis Committee.* 


7 Singer and Chambers, /nd and Eng. Chem. Anal. Ed., Aug., 1944, p. 507. 
8 Methods of Analysis Committee B.L.S.R.A., Metallurgia, 37, No. 220, Feb., 
1948, p. 211. 
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In spite of the complexities described above it s 
possible to control, in a simple manner, the conditio:.s 
necessary to obtain accurate results. This is especial y 
true where batches of low alloy steels having the san e 
approximate composition are concerned. By taking t).e 
following precautions the author has found that resul s 
as accurate as those obtained by the usual chemical 
procedure can be obtained. Some examples are listed 
in Table II, 

(a) A separate graph is prepared for each range of 
composition using the amount of iron that is 
present in each alloy. 

(b) 0-5 g. sample is weighed into a 100-ml. graduated 
Pyrex flask and treated with 20 ml. 70°, per- 
chloric acid and 3 ml. concentrated nitric acid. It 
is evaporated to fumes of the acid and allowed to 
simmer for 7 mins. The perchloric acid refluxes 
down the wall of the flask and, providing the 
simmering is not too vigorous, little acid is lost. 

(c) After fuming, the flask is cooled and 30 ml. of 

water are added. It is then cooled to 20 + 2°C. 
and diluted to the mark with water. 
The use of ferrous sulphate is avoided by fuming 
0-5 g. 8.P.Iron as above and using this solution to 
obtain a blank reading. Such a sample gives the 
same blank as alloys containing up to 4-5°, 
nickel, so there is no point in using synthetic 
alloys corresponding to the composition of the 
batches which are to be analysed. This procedure 
not only makes the method virtually a direct 
reading one, but also avoids the introduction into 
the colour system of the green colour which is of 
necessity produced when the dichromate is reduced 
by ferrous sulphate. 

(e) As a final precaution in the routine analysis of 
batches of samples, a standard steel having a 
similar analysis to the batch should be run. This 
enables the operator to verify that his results are 
accurate, that his apparatus, especially cells, is 
clean and that he has kept to the rather stringent 
conditions necessary to obtain accurate results. 

(f) The colour intensity is measured on a Spekker 
Absorptiometer using a mercury vapour lamp and 
Ilford Violet filters No. 601. 

The solutions from above can be used to estimate 

nickei, molybdenum and manganese as follows :— 

The method for nickel is approximately that developed 
by Vaughan® as indicated in the scheme below. 

Since perchloric acid exerts a marked stabilising effect 
on the orange colour of molybdenum thio-cyanate, a 
sample obtained by solution in perchloric acid is ideal 
for the determination of molybdenum. The method is 
given in the composite scheme below, and the stability 
of the orange colour is indicated by the following data. 


(d 


Time after adding stannous 

chloride... 15 min. 20 min. 25 min. 30 min, 45 min. 60 min. 45 br. 
Drum reading on Spekker 0-330 0-332 0-337 0-340 0-340 0-342 0-400 

Perchloric acid plays an interesting role in the man- 
ganese estimation. Although manganese can be oxidised 
completely by ammonium persulphate in a cold solution, 
the reaction is not successful if chromium is present, 
because the chromium itself will not completely oxidise 
to dichromate in the cold. However, if an aliquot is 
taken from a fumed perchloric acid solution of the 
sample, it will be found that the manganese oxidises to 


9 “ Purther Advances in the use of Spekker Absorptiometer in Metallury al 
Analyses," Vaughan. Published R.LC., 1942. 
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TABLE II.—COMPARISON BETWEEN ANALYSES BY “SPEKKER™ AND BY STANDARD CHEMICAL METHODS 


Chromium Nickel 


“0-60 0-61 2-77 


1-82 


| Spekker 
| 
| 


Chemical Spekker | Chemical 
2-75 


Molybdenum 


Chemical 


Spekker Chemical | 
0-36 


| | 
L | 


permanganate since chromium is already in the fully 
oxidised state. 

While investigating the possibilities of the above as a 
method for manganese, it was found almost impossible 
to produce solutions completely free from traces of 
chlorides, which caused a cloudiness when silver nitrate 
was added. This cloudiness took about an hour to 
disappear in the cold solution. The difficulty was 
overcome merely by warming the flask for a minute or so on 
the hot plate when all cloudiness disappeared. The flask is 
then cooled before taking readings on the Spekker. 
Quantities of reagents used are indicated in the composite 
scheme. 

The outline indicated above gives the background to 
the scheme shown below. In the author’s laboratory 
one senior and one junior handle as many as 30 samples 
per day estimating nickel, chromium, molybdenum and 
silicon. It has been found that to include manganese 
would be asking too much of them and so it is not at 
present estimated by the Spekker. 


Composite SCHEME OF ANALYSIS FOR Ni, Cr, Mo, anp Mn, 
ustnG SPEKKER ABSORPTIOMETER WITH He. 


0-5 g. sample. 20 ml. 70% perchloric acid + 3 mls. nitric acid. 
Fume 7 mins in 100 ml. flask. Cool. Dilute to 100 ml. at 20 + 

Chromium colour measured, Drum setting W-W 1-1. 
violet filters No. 601. 

4 cm. cell for Cr under 0-80%. 
2 em. cell for Cr under 1-80%,. 
l em. cell for Cr under 3-40%,. 


Ilford 


Blank 0-035 Drum divisions. 
Blank 0-020 Drum divisions. 
Blank 0-010 Drum divisions. 


50 ml. 


5 ml. sample, Ni less 
flask 


than 1% = (a) 
10 ml. 40% 


3 ml. sample, Ni 
more than 1% = (6) 
Add 7 ml. 20% 
Ammonium Tar- 
trate and 5 ml. 0-1 
N iodine, Dil. to 30 
ml. with water. Add 
20 ml. 0-19% DMG* 

in 50%, ammonia 
and Dil. to 100 ml. 


Ni colour 


\lford Green 

Vo. 604 Filters 
(a) \\-W 1-00, 4em. 
cell blank 0-04 div. 
(b) \V-W 1-20,2 em. 
cell lank 0-02 div. 


Treat with 0-1 g. 
AgNO,, and 0-75 g. 


Ammonium Per- 
sulphate. Warm 
and cool 


Mn Colour 
| 
Ilford Yellow 
No. 606 Filters 
W-W 1-20, blank 
0-03 divisions 


* Dimethylglyoxime 


H,SO, 10 ml. 5% 
Na CNS. and 10 ml. 
7°5% SnCl, 


Mo Colour 


Ilford Green 
No. 604 Filters 
W-W_ 1-3, blank 
0-03 divisions 
For each 1-0% Cr 
Add 0-01 divs. to 
blank. 


Use of Perchloric Acid in the Estimation of 
Niobium, Titanium and Tungsten 


ess than 2°, niobium, titanium and tungsten are 
it, use a 5 g. sample, otherwise take a 2 g. sample. 
the sample with (1:1) hydrochloric acid until 
is no visible reaction. Filter off the carbides 
zh a small paper pad, Boil the filtrate with 1-3 g. 


sodium sulphite dissolved in water in order to reduce any 
ferric iron which may be present. Now add—with 
constant stirring—(1 : 1) ammonia until a small perma- 
nent precipitate appears. Filter rapidly and wash with 
hot water. Reserve the filtrate (A) if tungsten is present. 
This is boiled to dryness after having been oxidised drop 
by drop until a slight excess of nitric acid is present. 
Take up with hydrochloric acid. 

Transfer the two filter pads from the above to the 
original beaker and add 20 ml. nitric acid and 20 ml. 
70% perchloric acid. Evaporate until fumes of per- 
chloric acid appear and the paper is destroyed. This 
operation is perfectly safe provided the nitric acid is 
added first. Cool the beaker and add 3-4 ml. concen- 
trated sulphuric acid. Heat until fumes have been 
evolved for 5 mins. The beaker now contains all the 
niobium, titanium, tantalum and, if present, zirconium. 
It also contains some tungsten, chromium, iron, etc. 
The sulphuric acid is necessary to decompose the niobium 
carbide. When niobium carbide is fumed with perchloric 
acid alone, niobium oxide deposits around the carbide 
particles and prevents further attack by the perchloric 
acid. Concentrated sulphuric acid dissolves the niobia 
and decomposition is speedily accomplished. The 
desired elements can now be estimated in several ways 
which have been published.'° The author has found the 
following method sufficiently accurate for routine work. 
It has the advantage of being fairly rapid, especially 
where tungsten is absent. 

When tungsten is absent. After fuming, cool the 
beaker and dilute to 100 ml. with water. Neutralise 
with (1 : 1) ammonia until a flocculent precipitate forms. 
This happens near the neutral point and yet on the acid 
side. The correct pH value is about 3. This operation 
can, with practice, be carried out without making the 
solution alkaline. If the solution is made alkaline the 
niobia and titania will be contaminated with iron. Boil 
for 5 mins. and allow the precipitate to settle for 15 mins. 
before filtering. Ignite the washed precipitate at a low 
heat in a platinum crucible. Treat with 4 ml. concen- 
trated sulphuric acid and 5 ml. hydrofluoric acid and 
evaporate until the sulphuric acid is fuming strongly. 
Cool, add 5 ml. water containing 5 drops of hydrogen 
peroxide. Swirl the crucible until a clear solution is 
obtained and transfer to a colouring tube, washing with 
water containing hydrogen peroxide. This treatment 
keeps the niobium in solution and produces the yellow 
titanium colour. The titanium is now found by com- 
parison with a standard solution. Transfer the solution 
to a beaker and dilute to 100 ml. with water. Decompose 
the hydrogen peroxide by boiling and re-precipitate the 
niobia and titania as described above. Filter, ignite 
and weigh. Substract the weight of titania from the 
combined weight of the two oxides and calculate the 
amount of niobium present. 


10 J, Soc, Chem, Industry, 66, 398-402, 1947. 
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After the final neutralisation has been made it is an 
advantage to add 2-3 ml. sulphurous acid to ensure 
complete hydrolysis of the niobia, as it is sometimes 
difficult to decompose the hydrogen peroxide completely 
by boiling. 
Note: Thymol blue can be used to indicate the 
neutralisation point. If the niobia precipitate appears 
slightly brown on the filter pad, wash with a little 

0-30%, hydrochloric acid. 

When tungsten is present. After fuming, cool the 
beaker and dilute to 15 ml. with water. Pour slowly 
into a hot solution containing 2-3 g. sodium hydroxide 
dissolved in 20 ml. water. Wash the beaker and allow 
to boil for 2-3 mins. Dilute to 100 ml. with water and 
acidify with hydrochloric acid. Add an excess of | ml. 
ammonia and heat until only a faint smell persists. 
Filter and wash with ammonium chloride solution. 
Repeat the treatment. The filtrates are acidified with 
hydrochloric acid and boiled down to low bulk and 
finally added to the filtrate (A) which has been treated 
as described. The tungsten is estimated in this solution 
by the method given by the British Standards Institu- 
tion" in which it is interesting to note that perchloric 
acid is used to produce a tungsten oxide free from 
contamination by impurities. 

The above residue is transferred to the original beaker 
and treated with nitric and perchloric acids to destroy 
the paper and the niobia and titania estimated as in the 
absence of tungsten. 


The Use of Perchloric Acid in the Estimation of 
Aluminium in Chromium Steel 
Steele and Russel' use perchloric acid and hydro- 
chloric acid to volatilise chromium as chromyl] chloride 
in their method of estimating aluminium. The authors 
then develop the method to use 8-hydroxy-quinoline as 
the precipitant for aluminium. 


The Use of Perchloric Acid in the Estimation of 
Potassium 

The use of perchloric acid as a reagent for potassium 
has been known since 1831. Details of the method, 
which has been proved not only accurate but easy to 
carry out, can be found in any reliable text book on 
Ferrous Analysis, i.e., Mellor'’ or Lundell, Hoffman and 
Bright." 


The Use of Perchloric Acid in the Estimation of 
Phosphorus in Stainless Steel 


Phosphorus can be precipitated by molybdate reagent 
and arsenic, and tin can be expelled as volatile bromides 
from perchloric acid solution. Since perchloric acid is 
ideal for the decomposition of high chromium, tungsten 
steels, a method has been evolved and published by the 
British Standards Institution’ for the estimation of 
phosphorus in such material. The method also deals 
with the recovery of any phosphorus co-precipitated 
with hydrolysis products such as zirconia, niobia, 
tungsten oxide, ete. It also takes into account the 
effect of titanium and vanadium. 


11 “ Methods for the Analysis of [ron and Steel,” British Standard 1121, Part 
3, 1948, 

12 Steele and Russel, Jros and Steel, 16, p. 182-185, 200, Jan., 1943. 

13 “ Treatise on Quantitative Inorganic Analyses,’ Mellor and 
. 224, 1938, Ed. 

14 Chemical Analysis Lron and Steel, Lundell, Hoffman and Bright, p. 588, 1931, 


Thompson, 


Ed. 
15 “* Methods for the Analysis of Iron and Steel, British Standard 1121, Part 9, 
1948, 


The Use of Perchloric Acid in the Estimation of 
Sulphur 


Perchloric acid can be used in the usual gravimetric 
estimation of sulphur to expel nitric acid which is used 
in the initial attack. It cannot be used in place of 
nitric acid since cold 70°, perchloric acid evolves 
hydrogen sulphide from steel. 

Sulphur can be separated from iron by fuming with 
perchloric acid and electrolysing the solution obtained 
with a mercury cathode. 

It is hoped that the above information wili prove 
useful to the smaller laboratories who have not time or 
staff to undertake investigations of unusual reagents. 
In general it will be found that where perchloric acid can 
be used the analysis becomes not only easier and, there- 
fore, where batches of samples are concerned, probably 
more accurate, but less time consuming than the more 
standard types of procedure. 


Low Alloy Steel Standards for 
Spectrographic and Photometric 
Analysis 
Eieut standards representative of the low alloy steel 
range are now available for routine and research spectro- 
graphic analysis. The increased use of spectrographic 
analysis during and since the war led the British Iron 
and Steel Research Association’s Methods of Analysis 
Committee, through its sub-Committee on Spectro- 
graphic Analysis, to put high on its programme the 
provision of standards. Work on the subject began late 
in 1946, and recommended compositions for two series, 
low alloy steel and residuals, were drawn up. The 
manufacture, physical preparation and_ preliminary 
analyses of the low alloy series has been undertaken 
under the supervision of Bureau of Analysed Samples, 

Ltd. 

The eight standards are available in the form of }-in. 
dia. rod, and are intended to cover a range of up to 5%, 
of the more usual alloying elements in steel, the iron 
content of each standard being 94}°, approximately. 
Analytical standardisation has been carried out on 
behalf of the Methods of Analysis Committee by 12 
co-operating chemists in industrial, Government and 
research laboratories, including the Bureau. 

The chemical analyses are as follows, tabulated in 
the ascending order of each constituent : 


| % % % % % 
Silicon | 0-25 | 0-29 | 0-37 | 0-62 | 
Manganese | 0-53 | 0-79 | 1-11 | | 1-42 
Nickel re | O-84 | 2-08 | 2-92 | 4-10 | 5-15 
Chromium | 0-53 | 0-96 | 1-72 | 2-34 | 3-07 
Molybdenum | 0-43 | 0-54 | 0-95 | 1-29 | 1-41 
Vanadium. . | 0-26 | 0-36 | 0-46 | 0-52 | C-65 

0-18 | 0-23 | 0-24 | O-31 | 0-50 


Copper 


The steels are also available in the form of fine 
turnings as standards for photometric methods of 
analysis (as an alternative to standardisation by means 
of pure metals.) 

The turnings for photometric standardisation are 
supplied in a series of eight bottles, each containing either 
100, 50 or 25 grams in each. Both the rods and the turnings 
are obtainable direct from the Bureau of Analysed 
Samples, Ltd., 234 Marton Road, Middlesbrough, or 
through any well-known laboratory furnisher—n:t 
from B.I.S.R.A. 
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Useful Devices in the Industrial Chemical Laboratory 


By W. Stross 


Chief Chemist—International Alloys, Ltd. 


Where large numbers of routine analyses have to be performed, there is scope for the 


development of various time and labour saving devices. A number of these, which 


and labour saving devices which have been deve- 
loped over a period of time and put into the daily 
routine of this laboratory. It has been found that they 
facilitate the handling of large numbers of samples, 
reduce waste of apparatus and material, and eliminate 
certain sources of error. Although it is not claimed that 
any of them is important or original, it is felt that they 
may be of some use to other chemists confronted with 
similar routine tasks. The order of presentation is of 
necessity somewhat unsystematic. 


[' is intended to describe in this paper various time 


I. Tray for Handling Batches of Vessels During 
Boiling and Other Operations. 


Constructed of 19 S.W.G. copper sheet, this piece of 
equipment is illustrated in Fig. 1, which is almost self- 
explanatory. 

By the use of this a device, a batch of vessels, such as 
beakers or crucibles, is easily transported to and from 
the balance, but it is of even greater value where vessels 
have to be heated. A trayful of vessels may be placed 
on the hot plate, from whence it can easily be removed, 
in due course, with unprotected, or nearly unprotected, 
fingers, and placed on the bench for further processing, 
without having to handle each vessel singly, and without 
getting them out of order. Little attention is needed to 
keep the vessels in order during processing. 

Experience has shown that there is a certain danger of 
accidentally turning the trays (and the test tube racks 
described in the next section) the wrong way round, and 
thus changing the sequence of samples. The front of the 
tray has, therefore, been made lower than the back, 
which makes it easy to maintain the correct position 
without special attention. 


Fig 1.—Tray for handling beakers, crucibles, etc. The 
ru in the foreground of this and other illustrations has 
a length of 12 in. 


have been proved by experience, are described in detail by the author. 


a 
Fig. 2.—Rack for 16 test tubes. 


For rapid drying, the trays are placed on the hotplate 
with the vessels in an inverted position. When dry, 
several trays are stacked on top of each other in readiness 
for the next cycle of operations. This is particularly 
useful if the vessels are permanently marked as sorting 
is then unnecessary and considerable time is saved. 


II. Rack for Test and Centrifuge Tubes. 


In this modification of the standard test tube rack, the 
middle horizontal tier (see Fig. 2) ensures a much safer 
and firmer hold of the tubes than the usual racks afford, 
particularly if funnels are to be placed on the tubes. 
The vertical central support, making the construction 
more rigid, greatly extends the life of the racks. The 
holes are arranged in pairs (i.e.—the distance between 
the second and third holes is slightly greater than that 
between the first and second), which makes it much 
easier to pick out any particular tube. In view of the pos- 
sibility of confusion (see above) the rack is made asymme- 
trical by having one end support longer than the other. 

Such details become important if test tubes are not 
only used as “ test tubes ”’ for qualitative work but, also, 
for taking samples in quantitative routine work. Test 
tubes have many advantages for the latter purpose, 
provided the volumes to be handled are not too great ; 
they require little bench space, are inexpensive, easy to 
clean, to dry and to handle. 

Furthermore, test tubes, if their walls are not too thin, 
can be calibrated with an accuracy quite sufficient for 
a good deal of quantitative routine work and they thus 
form very useful and inexpensive volumetric vessels ; 
this seems to have found more application in_bio- 
chemical and medical than in metallurgical laboratories, 
and might therefore be pointed out in this journal. 

A gadget by which this calibration can be quickly, 
accurately and neatly carried out in the laboratory is 
described below. 
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G Outer vertical guide tube, in which slides the inner tube, 

carrying the diamond. 

di Disc (supported by spring S,) forming the upper end of the 

tube carrying the diamond. 

T Inner tube, carrying the diamond at its tip. 

S, Spiral spring, holding the tube with the diamond in an 

elevated position. 

D_ Mobile part for the marking diamond. 

b Horizontal top bar of D, into which is brazed the vertical 

tube G (see above). 

d Marking diamond, set into the tip of tube T. 

S$ Stop against which the test tube is pressed during the 
marking ; it is moved forward or backward by the 
screw terminating in disc P for fine adjustment. 

Mobile part, carrying the stop S. 

Spiral spring preventing the screw around which it is 
wound from slipping when the tube is pressed against 
the stop. 


P Vertical disc in which the adjustment screw terminates. 
R_ V-shaped groove. 
A Base of the calibrating apparatus. 
B_Lateral groove in which parts C and D slide ; an identical 
groove is on the rear side of the base. 
Fig. 3. Calibrating apparatus for test and centrifuge 
tubes. 
Ill. Calibrating Apparatus for Test and Centrifuge 


Tubes. 

This instrument! is shown in Fig. 3; it consists of a 
base A which, on either longitudinal side, has a slot B, 
in which slide the two mobile parts C and D, C being a 
stop determining the position of the tube under cali- 
bration, and D holding the marking diamond d. 

The upper side is formed by a deep V-shaped groove R 
into which the tube to be calibrated is placed, as shown 
in the illustration. 

For convenience parts C and D have been made from 
brass, and the base A from aluminium alloy. 

Either of the mobile parts C and D can be locked in any 
position against the base by a thumb screw; these 
screws are not visible in the illustration as they are on the 
rear side. 

The mobile part C carries the vertical stop S which, 
for fine adjustment, can be moved forward or backward 
by means of a screw terminating in the vertical plate P ; 
it is maintained in any position by the spiral spring Sp 
which surrounds it. 

The other mobile part D has a horizontal top bar b, 
into which is soldered, or brazed, the vertical guiding 
tube @ ; in this tube slides with ease another brass tube 7 
carrying on its lower tip the marking diamond d, the fit 
being sufficiently tight to prevent any lateral wobbling. 
The upper end ot this inner tube 7 is formed by dise 
di. 

1 The author is indebted to Mr. D. Jakobi and Mr. 8. Williams for valuable 

suggestions during the development of this apparatus. 
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A spiral spring S, (the lower end of which is soldered 
to the guiding tube G) supports with its upper end the 
dise di, thus holding the diamond in an elevated position. 

The diamond is the commercial pencil-like type of 
glass writing diamond (obtainable from laboratory 
suppliers?) usually consisting of a wooden handle and a 
metallic part, into the tip of which the diamond is set. 
The wooden part is removed and the metal part with the 
diamond is soldered or brazed coaxially to a brass rod or 
tube of suitable diameter*, terminating at the other end 
in a dise (the dise di of the illustration). 

To calibrate a test tube, water is run in from a standard 
pipette and the tube clamped vertically in a sturdy 
laboratory stand at comfortable eye level. The level of 
the meniscus is marked by a dot or tiny scratch with a 
diamond (the one incorporated in the calibrating appara- 
tus can be used as the tube 7’ (which carries the dia- 
mond) can freely be removed from its outer guiding 
tube @). The water is then poured out and the test tube is 
placed in the apparatus. The locking thumb screws of the 
mobile parts C and D are loosened and these sliding 
parts so adjusted that, with the bottom of the tube 
resting against stop S, the small scratch defining the 
position of the liquid meniscus comes near to the position 
of the diamond. 

The thumb screws of parts C and D are then locked 
and the instrument is so positioned that one views the 
diamond and the mark on the test tube from the side, 
between the legs of D. It is then quite easy to adjust the 
position of the tube by means of the screw P so that the 
tip of the diamond exactly coincides with the mark. 

Holding the instrument with one hand, a finger of 
which exerts simultaneously a gentle downward pressure 
on the dise di of the diamond carrier, one slowly rotates 
the tube with the other hand through a full circle, whilst 


Cat. No, 2692, Messrs. W. & J. George & Becker, Ltd., Hatton Wall, 


2 ew. 
London, E.C.1. 

3 Ln our experience the shape and size of this metal part is not suitable for forming 
directily this inner tube (or rod), 


Fig. 


4.—Support for wire-gauze test tube baske's. 
(6 inch rule). 
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‘'multaneously pressing the 
tube slightly against the base 
Aj and against the stop S. 
This is much simpler than the 
description may sound and 
perfectly linear and circular 
markings in the exact position 
desired are obtained with 
great ease. 

The marking does not 
significantly weaken the 
mechanical and thermal resist- 
ance of the tubes unless un- 
necessary pressure is applied. 

The volumes which can 
be calibrated with this 
apparatus vary from, say, 100 
ml. to 1 or 2 ml. using tubes 
ranging from large boiling 
tubes down to  semi-micro 
centrifuge tubes. Very narrow 
tubes for the smallest volumes 
would slip into the space 
between the angle of the base 
and the round dise of the stop, 
but this can be prevented by placing a suitable prismatic 
piece of metal in front of the stop, between the disc 
and the bottom of the tube. 


IV. Support for Test Tube Baskets. 


The useful rectangular wire gauze baskets for test 
tubes have the disadvantage that the tubes, if placed 
horizontally, do not dry easily, and if placed vertically, 
do not remain in order but tend to topple over (parti- 
cularly if the basket is moved) unless it is nearly full. A 
rectangular support made from stout copper sheet or, 
preferably, a suitable length of a rectangular aluminium 
extruded channel section, as shown in Fig. 4, keeps the 
basket in an inclined position in which the tubes drain 
well and yet remain in perfect order, even if in small 
numbers and if moved about. 

It is advantageous to drill a good number of holes 
of } in. or } in. diameter in the bottom plate ; if the 
basket and its support are then placed on the hotplate, 
the tubes dry very quickly. 


\. Protective Stand for Double Automatic Pipettes.‘ 


The type of double automatic pipette of which one 
side fills whilst the other empties, thus considerably 
speeding up delivery, is not so often used as it deserves, 
and one of the reasons for this may be the difficulty 
of holding this pipette in the ordinary type of clamp 
without producing strain which may lead to breakage ; 
there is also a considerable risk of “ catching” the 
instrument by a careless movement. 

‘he wooden case shown in Fig. 5 provides a firm 
support and at the same time practically complete 
prc ection from all sides. The top can be removed and 
eas access (for cleaning, etc.) is thus obtained. The 
wh: 'e case can either be fixed to a wall or shelf by a 
bre ket, or to the bench by two vertical boards or 
bra ets. Since this fixture was introduced about 6 years 
age breakages of these pipettes have ceased in this 
lab. atory. 


author is indebted for the suggestion of this type of protective casing to 
i}. Thomas, 


Fig. 6.—-Extension of accumulator term- 
inals, to prevent corrosion. 


<-Fig. 5.—Protective wooden casing for 
double automatic pipette. 


VI. Preventing Corrosion of Terminals Connected 
to Accumulators. 

It is frequently found that, during the charging 
or transporting of accumulators, some acid tends to creep 
up to the terminals, leading to corrosion of the contact 
screws and, in particular, of wires or spade terminals. 
This is particularly objectionable in polarographic and 
similar work where any deterioration of the contact 
causes serious trouble. 

This difficulty can be overcome by screwing into the 
original thread of the accumulator terminal a metal rod 
of about } in. diameter, having a male thread at one end 
and a female thread at the other. The connection is then 
made to the top of the extension rod, which remains 
permanently in position during use and charging. 
Although a length of 2 in. has proved quite satisfactory, 
a 5 in. length is generally preferred. Aluminium alloy 
rod has proved suitable and insulation can be effected 
by a coating of lacquer or a sleeve of PVC tubing. 

Contact troubles on accumulators have entirely 
disappeared since this modification was introduced. It 
has been found superior to rhodium plating the terminal 
spades as, in the course of time, the acid permeated and 
damaged the plating and, of course, the corrosion of the 
terminals of the accumulator is not prevented by plating 


the spades. (T'o be continued) 


New Micro-chemical Balance shown 
at Graz 


Ar the Exhibition of Micro-chemical Apparatus, 
organised in conjunction with the International Micro- 
chemical Congress, held at Graz earlier this month, 
great interest was aroused by an entirely new micro- 
chemical balance shown by L. Oertling, Ltd., of London. 
In addition to being aperiodic and having weight 
loading, it provides a direct reading of 1-0 microgram per 
division of a large illuminated scale projected at eye- 
level within the balance case. Further details of this 
balance will be included in the New Developments 
section of the August issue of this supplement. 
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Rapid Determination of Bismuth in Bismuth-Tin 


and Bismuth-Tin-Cadmium Alloys 


By C. Goldberg 


New England Smelting Works, Inc., W. Springfield, Mass., U.S.A. 


It is claimed that the electrolytic method of determining bismuth, in such alloys as bismuth- 
tin and bismuth-tin-cadmium, is rapid and sufficiently accurate for most control purposes. 


it offers little advantage for alloys containing lead, as this metal must be removed prior to 
electrolysis. 


bismuth-tin-cadmium alloys is a lengthy procedure 

when it is determined as the oxychloride,’ because 
a considerable amount of bismuth is retained in the 
stannic oxide precipitate and must be recovered. Much 
time is also consumed because the oxychloride settles 
slowly and must be oven dried. 

The electrodeposition of bismuth? usually requires 
precipitation of the sulphides of arsenic, antimony 
(present in trace proportions), tin and bismuth in 
sulphuric acid solutions, followed by solution of all the 
sulphides except that of bismuth in sodium—or 
ammonium sulphide solution. The bismuth sulphide is 
then dissolved in hydrochloric acid and the bismuth 
precipitated as the hydroxide. The hydroxide is 
dissolved in sulphuric acid (in the absence of lead) or 
in nitric acid (if lead is present) and the solution electro- 
lysed after the addition of a suitable oxidation inhibitor. 
An alternative procedure is to ignite the hydroxide 
to oxide and take up the latter with nitric acid before 
electrolysing. 

Experiments carried out with a Fisher “ Electro- 
analyzer,’ and platinum gauze electrodes, showed that 
the electrodeposition of bismuth is quantitative in the 
presence of tin if the latter is complexed with hydro- 
fluoric acid, a complexation fairly common in brass and 


bronze analysis. 


Tis determination of bismuth in bismuth-tin and 


Method 

The procedure is as follows :— 

Take a sample containing not more than 0-3 g. 
bismuth and dissolve in 8 ml. C.P. nitrie acid (1: 1). 
Add 5 ml. C.P. hydrofluoric acid (48°,) and heat to 
complete solution of the sample. Add 25 ml., 50% 
tartaric acid solution and dilute with hot distilled water 
to 150 ml. Heat the solution to 90°C and electrolyse 
at 3 amp., with stirring, vsing a copper-plated cathode 
previously weighed ; the electrolysis will be complete 
after about 20 minutes. The bismuth deposit is gently 
washed with cold distilled water (the current remaining 
on), removed and gently dipped, first in cold distilled 
water and then in neutral alcohol. The cathode is then 
dried in an oven at 110°C. After drying, the bismuth 
deposit is firm and adherent. Under the conditions 
described above, there is no deposition of bismuth oxide 
on the anode. 

Notes 

Reproducibility of results is shown in Table I and 
typical results for bismuth-tin and bismuth-tin-cadmium 
alloys in Table II. 


1 Scott, W. W., “ Standard Methods of Chemical Analysis,” p. 1,399, Vol. 2, 
D. Van Nostrand Co., New York, 5th edition, 1939. 

2 Slomin, G. W., * Rapid Quantitative Electrolytic Methods of Analysis,” p. 18, 
BE. H. Sargent Oo., Chicago, 7th edition, 1945. 


TABLE I.—REPRODUCIBILITY OF RESULTS 
Sample Bi found*® 
i 0-210 
2 02020 g. 
3 0-2021 g. 
4 0-202] g. 
5 0- 2008 g. Average— 
6 0- 2026 g. 0-20147 
7 0-2016¢ 
8 0-2012 
9 0-2009 g. 
lo 0-2024¢. 


* Sample contained 0-20 g. Bi taken as C.P. Bi (NO,),-5H,0. 


TABLE U.—TYPICAL RESULTS BY Biocl AND ELECTROLYTIC 


METHODS 
Bi present in g. Bi found by 
(BiOC! method) electrolytic method 
0-2035* bnew 00-2040 
0-1500* 0-1510 
0- 0 +2700 
0 -O860T 0-0865 
0-1020¢ 0-1030 
0-1344t 0-1357 


* Bi-Sn Alloy. 
+ Bi-Sn-Cd Alloy, 

Although, for the greatest accuracy, authorities 
recommend electrolysis without stirring and with the 
lowest acidity and current possible, industrial labora- 
tories usually depart from those practices on account of 
their extreme slowness. 

In an attempt to minimise the attack of hydrofluoric 
acid on the glass used (Pyrex), boric acid solution was 
added to complex the excess hydrofluoric acid, but the 
results were invariably high and the use of that reagent 
was abandoned. 

Arsenic and antimony were found to interfere, as well 
as copper, since all three elements are completely or 
partially deposited along with the bismuth. This 
interference is not serious, however, since the total of 
the three elements seldom exceeds 0-05°%. 

If desired, slightly greater accuracy may be obtained 
by dissolving the bismuth-copper plate in a little nitric 
acid, diluting with distilled water, making faintly 
ammoniacal, adding 1-0 g. ammonium carbonate and 
boiling to precipitate the basic bismuth salt. A few drops 
of free ammonia are added to release the copper and 
the solution is filtered. Ignition then reduces the 
residue to bismuth oxide, Bi,O,. 

The electrolytic method proposed offers little advan- 
tage when quaternary alloys of the bismuth-tin-lead- 
cadmium series are under consideration, since the lead 
must be removed prior to electrolysis. On the other 
hand, in the case of bismuth-tin and _ bismuth-tin- 
cadmium alloys, it is claimed that it is rapid; it is 
sufficiently accurate for most control purposes; and 
unpleasant hydrogen-sulphide precipitations are avoided. 
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